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Preface

The purpose of this study was to determine the most appropriate protocol to

follow concernin, •batement of Asbestos Containing Joint Compounds (ACJC) found

in AFB facility wall systems. While trying to protect worker health and safety and limiting

governmental liability, the interpretation of governmental regulatory guidance produced

the need for this research.

A spreadsheet was designed with a Monte Carlo simulation which produced

potential exposure levels which might be experienced by abatement workers. This

research has concluded that, while th .- , -. ed for a better understanding of the

carcinogenic effects of asbestos, the demohition .!f wall systcms that contain ACJC may

result in exposure levels which exceed permissible exposure limits set forth by the

Occupational Safety and Health Administration.

During the research and writing of this thesis, I have had a great dc ai of help from

others. I am deeply indebted to my faculty advisor, Dr. Thomas Hauser, for his continuing

patience and guidance throughout my graduate studies. I also wish to thank Dr. Charles

Bleckmann for all of his direction and guidance, without which I could not have

successfully completed this work. Finally, I would like to thank Michael Beard of the

EPA's Atmospheric Research and Exposure Assessment Laboratory, Research Triangle

Park, N.C. who provided me with a great deal of help and information.

Gary J. Schneider

ii



TABLE OF CONTENTS

P reface .................................................................................................................................................... ii

List of Tables ........................................................................................................................................... v

List of Figures ..................................................................................... .................................................... vi

A b stract .................................................................................................................................................. v ii

. Introduction ............................................................................................................................ 1t-1
Problem Statement ..................................................................................................... 1-1
Current Differing Interpretations ................................................................................ 1-3
Thesis Goal Statement ........................................................................................... 1-4

II. Literature Review .................................................................................................................... 2-1
Defining Asbestos ....................................................................................................... 2-1
Friability ..................................................................................................................... 2-1
Identification and Quantification of Asbestos Fibers ................................................... 2-2
Differing Fiber Sizes and Aspect Ratios ...................................................................... 2-3
Analytical M ethods of Asbestos Quantification .................................................... 2-4
Asbestos Units of M easure .......................................................................................... 2-7
Ambient Background Levels of Airborne Asbestos Fibers ........................................... 2-8
M onitoring of Airborne Asbestos Concentrations ........................................................ 2-8
EPA Requirements ..................................................................................................... 2-9
OSHA Requirements ................................................................................................. 2-11
W orkplace Airborne Asbestos Analysis M ethods ...................................................... 2-13
ACM Disposal .......................................................................................................... 2-14
Asbestos and Human Health ..................................................................................... 2-15
Laws Governing Asbestos ......................................................................................... 2-18
Review of Federal Liability ....................................................................................... 2-23
Asbestos Abatement W ork Practices ......................................................................... 2-23
In-House vs. Contract Asbestos Removal .................................................................. 2-27
Conclusion ................................................................................................................ 2-27

m . Research M ethod. .................................................................................................................... 3-1
Introduction ........................................................................................................... 3-1
Determination of Variables ......................................................................................... 3-1
M onte Carlo Computer Simulation ............................................................................. 3-5
M odel Output ............................................................................................................. 3-5
Non Variable-Specific Assum ptions ..................................................................... 3-5

IV. Spreadsheet M odel .................................................................................................................. 4-1
Example Spreadsheet .................................................................................................. 4-1
Justification of Variable Assumptions ......................................................................... 4-7
Graphing Spreadsheet Output ................................................................................... 4-12

V. Conclusions and Recommendations ................................................................................... 5-1
EPA Guidance ............................................................................................................ 5-1
Support for OSHA Guidance ....................................................................................... 5-1
Regulations to Follow: Available Options ................................................................. 5-2
M inimizing Health Risks ............................................................................................ 5-4
Abatement Project Protocol ................................................................................... 5-4
Renovation vs. Demolition ........................................................................................ 5-6

iii



Legal Responsibilities / Liabilities .............................................................................. 5-7
Conclusion ................................................................................................................. 5-9
Recom mendations for Future Research .................................................................... 5-11

Appendix A: Glossary of Terms and Acronyms ......................................................................... A-I to A-4

Appendix B: Spreadsheet Calculations ..................................................................................... B-I to B-37

Bibliography ............................................................................................................................... C-1 to C-3

V ita ............ ............ ............................................................................................................................. D -l

iv



List of Tables

Table # Title Page

2-1 Comparison of Phase Contrast, Scanning Electron, and Transmission 2-6
Electron Microscopy Analytical Methods for Asbestos Identification and
Quantification

2-2 Estimated Lifetime Cancer Risks for Different Scenarios of Exposure to 2-16

Airborne Asbestos Fibers

2-3 Cross References to Asbestos Regulations 2-22

4-1 Example Spreadsheet 4-2

4-2 Particle Dimensions Which Fall Within the Definition of a Fiber 4-4

4-3 Analysis of Assumed Variables 4-10

4-4 Average Fiber Counts From Spreadsheet Calculations 4-12

5-1 ACJC Removal Options 5-3

V



List of Figures

4-1 Asbestos Exposure: Room Size vs. ACJC Asbestos Content 4-14

5-1 Flowchart for Determination of Abatement Protocol 5-5

5-2 Proposed Decision Tree for ACJC Abatement Activities 5-10

Vi



AFIT/GEE/ENV/94S-23

ABSTRACT

This study investigated the differing regulatory guidelines from the Occupational

Safety and Health Administration and the Environmental Protection Agency concerning

the abatement of Asbestos Containing Joint Compound (ACJC). The specific interest was

whether or not adequate protection was being afforded demolition workers when exposed

to working with ACJC materials that contain less than 1.0 percent asbestos. A literature

review revealed no prior research into regulatory inconsistencies concerning asbestos. A

spreadsheet was written which used a Monte Carlo simulation technique to estimate the

exposure scenario which might be experienced within a given room size on a demolition or

renovation jobsite. Spreadsheets were calculated for ACJC with an asbestos content of

0.1 to 0.9 percent in 0.1 increments for rooms ranging in size from 15ft x 25ft x 8ft to

200ft x 25ft x 8ft. The literature review provided estimates for air exchange, demolition,

and ACJC application rates. The fraction of sheetrock pulverized was estimated with a

computer generated uniform random distribution in the range of 0.30 to 0.70. Two

hundred iterations were used to compute an average exposure concentration for each

room size, each size being represented by a spreadsheet. In all cases, the results indicated

that the exposure potential created by the manual demolition of ACJC exceeded the

OSHA permissible exposure limit of 0.2 f/cc. This finding resulted in the conclusion that

the Air Force should perform personal air sampling on individuals to determine if the

exposure levels simulated in this research are comparable to those experienced in the

workplace. Until this research is validated by such efforts, it is recommended that ACJC

abatement actions be performed within negative air containment systems equiped with

high efficiency partculate air (HEPA) filters.
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STANDARDIZATION OF PROTOCOL FOR THE SAMPLING, TESTING AND

ABATEMENT OF ASBESTOS CONTAINING JOINT COMPOUND (ACJC)

L INTRODUCTION

PROBLEM STATEMENT

The removal of asbestos containing materials (ACM) has become an important and

costly environmental problem. ACM removal has added major costs to the renovation,

alteration and demolition of Air Force facilities. The agencies which regulate the removal

and disposal of ACM are the Environmental Protection Agency (EPA) and the

Occupational Safety and Health Administration (OSHA). These two agencies, while

following many of the same Congressionally mandated laws, have created somewhat

conflicting regulations which leave room for interpretation by affected Air Force Bases.

Asbestos-Containing Materials (ACM) have been widely used in the building

construction industry, with 1300 different construction uses having been identified (BNA,

1987:57). Some uses of ACM include sprayed or troweled-on surfacing compounds for

walls and ceilings; insulation products found around hot and cold water pipes, ducts,

boilers and tanks; and a variety of products such as floor and ceiling tiles (Environmental

Institute, 1991:S-1). In 1984, the EPA estimated that approximately 733,000 public,

commercial, and residential buildings in the United States contain some form of asbestos

containing material (BNA, 1987:2). The use of these products have resulted in a major

problem on Air Force installations where facility alterations, renovations, or demolitions

are required.

The maintenance, removal, and disposal of ACM has become heavily regulated due

to studies indicating the carcinogenic effects of airborne asbestos fibers. Exposure to

asbestos fibers was first linked to respiratory health effects in the early 1900's, but it was

not until 1960 that the connection between mesothelioma (cancer of the pleural lining of
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the chest) and asbestos exposure was widely accepted (BNA, 1987:2). Based on scientific

studies conducted in the late 1980's, four major diseases or health changes are associated

with asbestos exposure. According to the National Research Council, these diseases

include lung cancer, mesothelioma, pulmonary asbestosis, and pleural plaques (BNA,

1987:3).

One particular ACM, Asbestos Containing Joint Compound (ACJC), is a difficult

problem to deal with due to differing regulatory guidelines. ACJC was used in the

construction industry from 1945 to 1975 (HEI, 1991:4-4). The regulation guidance

regarding asbestos is usually quite clear, but in the case of materials such as ACJC, the

low level content of asbestos in the material has created a gray area of guidance from the

Environmental Protection Agency (EPA) and the Occupational, Safety, and Health

Administration (OSHA).

The regulatory framework which controls the maintenance, handling and disposal

of asbestos is in place to protect the environment, the general public, and the worker

population. The EPA has the environment and general population as a main concern,

while OSHA is in place to protect the worker population. The differing goals of these two

agencies create the situation in which their requirements are inconsistent or incompatible.

In the case of ACJC, the EPA has given guidance which requires the composite

sampling of wall systems to determine asbestos content. If the composite testing indicates

less than 1.0% asbestos by area, the material does not fall under EPA asbestos regulation

requirements (Rasnic, 1992:4). OSHA, on the other hand, requires the testing of

individual components of the wall system. If any one component is found to contain 0.1%

or more asbestos by weight, then certain asbestos regulations become required (Clark,

1993:4). These differing action levels concerning the abatement of ACJC have created

ambiguous guidance which requires further clarification.
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CURRENT DIFFERING INTERPRETATIONS

Due to the ambiguity between EPA and OSHA guidance, some Air Force

installations have taken on different interpretations. For example, Wright-Patterson Air

Force Base abates only that material whose lab results report it to contain greater than 1.0

percent asbestos. Material whose results report less than 1.0 percent asbestos are

considered to contain only "trace" amounts of asbestos and thus are not abated (Leggen,

1993). McClellan Air Force Base, however, chooses to treat demolition and renovation

projects differently. If the ACJC has an asbestos content of greater than 0. 1% and the

project is a repair or renovation, then abatement is accomplished under full containment

per Title 40 of th# 'ode of Federal Regulations (CFR). If, however, the project is a

complete building demolition, the less conservative EPA guidance of greater than 1.0% is

used as the action level.

These differing interpretations present two possible problems.

1) If OSHA guidance is followed, it may be overly conservative worker protection,

resulting in an excessive expenditure of tax dollars.

2) If EPA guidance is followed, the owner/operator of the abatement activity would be

well advised to monitor worker exposure to airborne asbestos fibers. This monitoring

effort might prove the adequacy of the EPA action level, thus proving the OSHA action

level as too conservative. To determine whether or not workers are adequately protected

against airborne asbestos exposure, this research will attempt to quantify potential worker

exposure. The level of exposure will then be used to justify one of the following:

1) The EPA action level.

2) The OSHA action level

3) An Action Level proposed as a result of this research.
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THESIS GOAL STATEMENT

The goal of this research is to describe the course(s) of action that government

agencies should take concerning the discrepancies between EPA and OSHA guidelines

pertaining to the removal of asbestos containing sheet rock. A model will be developed to

determine the exposure levels that may occur on ACJC demolition job sites. The exposure

levels will indicate if OSHA action levels have a potential for being exceeded. This

information will be used to determine the appropriate regulation to follow. Specifically,

the goals of this research include:

1) A defensible document which will summarize the proposed steps to be followed when

abating ACJC materials which contain l,.ss than 1.0 percent asbestos.

2) The conducting of thorough research of all EPA and OSHA guidance documentation,

the defining of their differences, and the determination of the highest action level which

will adequately protect worker health and safety.

3) Suggested course(s) of action that the government should follow concerning the

differing EPA and OSHA guidelines pertaining to the removal of ACJC on sheetrock

walls.

4) A proposed action level which will protect human health and the environment. The

outcome of this research will be a proposed action level which may or may not match that

of either the EPA or OSHA.

5) A discussion of the "Do Nothing" option, and how it might affect future financial

liabilities to the Government.

Having accomplished this task, the most cost effective plan for the protection of

worker health and the environment will be achieved.
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ILL LITERATURE REVIEW

DEFINING ASBESTOS

Asbestos is the name given to a group of naturally occurring mineral silicates that

are separable into fibers. The various forms of asbestos are differentiated from one

another by size and shape of the fibers. Serpentine asbestos, predominantly chrysotile, is

curly. Amphiboles, crocidolite and amosite, being long and thin, are the most important

because they have been indicated as the most carcinogenic of the six mineral types (Gots,

1993:209). The EPA, as well as OSHA, consider all materials containing specified

amounts of the mineral forms of chrysotile, crocidolite, amosite, anthophyllite, tremolite,

and actinolite to be Regulated Asbestos Containing Materials (RACM) (BNA, 1987:11).

Each of these minerals are found in specific geographic locations, with chrysotile being the

most prevalent form naturally occurring in the United States. This availability of

chrysotile has resulted in it comprising 95 percent of all forms of commercially used

asbestos in the United States (Gots, 1992:212). The remaining 5 percent comes mostly

from the amosite and crocidolite groups. Asbestos containing products may contain

mixtures of more than one type of asbestos, with mixtures of chrysotile, crocidolite and

amosite being most commonly found (EPA, 1990B:2-5).

The use of asbestos in a product may not always present a hazard. If the product

is incapable of releasing the mineral fibers into the air, there is no exposure pathway, and

thus, no carcinogenic risk to the human population.

FRIABILITY

Friable asbestos material is defined as any material that contains more than 1.0

percent asbestos as determined by the Polarized Light Microscopy (PLM) method as

specified in Section I of Appendix A, Subpart F, 40 CFR Part 763; and, when dry, can be

crumbled, pulverized, or reduced to powder by hand pressure (Environmental Institute,
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1991:7; EPA, 1982:763.121; EPA, 1990B:2-2). In other words, while being disturbed, if

hand pressure can result in the release of fibers to the atmosphere, the material is friable.

By definition, friability would not apply to ACJC with less than 1.0 percent asbestos,

however, OSHA still regulates ACJC with as little as 0. 1 percent asbestos (Clark, 1993: 1).

The EPA has categorized non-friable ACM's as follows (EPA, 1990B:2-1):

Category I non-friable ACM includes asbestos containing packing, gaskets,
resilient floor covering, and asphalt roofing products, containing more than 1.0
percent asbestos as determined by PLM as described in Appendix A, Subpart F, 40
CFR 763.

Category II Non-friable ACM includes any material, excluding Category I non-
friable materials, which contain more than 1.0 percent asbestos as determined by
PLM according to the above methods, and when dry, cannot be crumbled,
pulverized, or reduced to powder by hand pressure.

Assuming that an ACJC has an asbestos content greater than 1.0 percent asbestos,

ACJC can fall under more than one category. If the wall or surface is in good condition

and the joint compound cannot be pulverized by hand pressure, then the material is

considered a Category II non-friable material. Under demolition conditions, however,

ACJC does become friable once the wall system has been disturbed. The caveat of "hand

pressure" is no longer valid if the disturbance results in the release of asbestos fibers into

the air. Therefore, material with greater than 1.0 percent asbestos would be classified as

an asbestos containing material during demolition actions. The demolition of such a wall

system results in the need to determine how much asbestos is released from the ACJC

while being demolished.

IDENTIFICATION AND QUANTIFICATION OF ASBESTOS FIBERS

DIFFERING TYPES OF ASBESTOS: As previously discussed, there are six

commercially used types of asbestos. They include chrysotile, crocidolite, anthophyllite,

amosite, actinolite, and tremolite. Transmission Electron Microscopy (TEM) analysis, as

described in a following section, is capable of delineating between the different mineral
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forms of asbestos. This is important due to the questionable carcinogenicity of the

differing mineral forms of asbestos.

Currently, literature has indicated that there is doubt as to whether or not

chrysotile is as hazardous as other forms of asbestos (Gots, 1993:211; HEI, 1991:1-9). At

the time of this writing, however, no scientific studies have been conducted which prove

or disprove this theory. If chrysotile is ever proven to be harmless or significantly less

hazardous than other forms of asbestos, it would have an enormous impact on the

asbestos abatement industry, affecting approximately 95 percent of commercially used

ACM's (Gots, 1992:212).

DIFFERING FIBER SIZES AND ASPECT RATIOS

In previous studies, the calculation of risk from exposure to airborne asbestos

fibers has been focused on those fibers greater than 5.0pm in length. The precise value of

5pm has no particular significance other than the delineation of a minimum fiber length for

the calculation of an exposure index. It was arbitrarily selected for reporting PCM fiber

counts, and thus much of the historically available data is based on this minimum fiber

length (HEI, 1991 :4-12).

Although the 5pm length was arbitrarily chosen, it is believed that the greater the

ratio of fiber length to its diameter (aspect ratio), the more hazardous the fiber (Gots,

1992:212). This leads to the conclusion that longer fibers are more hazardous. The big

unanswered question is whether or not asbestos fibers become non-hazardous at some

length shorter than 5pm. Per 29 CFR 1926.58 and 40 CFR 763.121, both the EPA and

OSHA have defined the term

"fiber" as:

... a particulate form of asbestos, tremolite, anthophyllite, or actinolite, 5
micrometers or longer, with a length- to-width ratio of at least 3 to 1.
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This definition results in the quantification of asbestos using only those fibers as

described in the above definition. Research is still required to justify the exclusion of

particles which do not meet the definition of a fiber, but still may have an adverse effect on

human health.

ANALYTICAL METHODS OF ASBESTOS QUANTIFICATION

There are three methods used to analyze airborne and bulk sample asbestos

concentrations, Transmission Electron Microscopy (TEM), Scanning Electron Microscopy

(SEM), and Phase Contrast Microscopy (PCM). Polarized Light Microscopy, a me

for analyzing asbestos concentrations in bulk samples only, will also be discussed in the

following text. The recommended option for both air and bulk samples is TEM, as it has

the greatest specificity and sensitivity for asbestos fiber identification (EPA, 1985:3-1).

PCM, however, incurs less cost and is more available across the nation. SEM needs

improvements in its standard protocol and standardized reference materials. The

following section describes these methods in greater detail.

TEM is a method of analysis which utilizes an electron beam that is focused onto

a thin sample. As the beam penetrates (transmits) through the sample, the difference in

densities produces an image on a fluorescent screen from which samples can be identified

and counted (EPA, 1990B: 1-6).

The major disadvantage of TEM are the cost and the time required for the analysis.

It is also less available than other methods. The analysis can be broken down into three

levels to reduce cost and time for analysis (EPA, 1990E: 11):

Level I: Identification of asbestos fibers is based on
fiber morphology and the observed Selective Area Electron
Diffraction (SAED) pattern on the fluorescent screen.

Level II: Analysis of the chemical composition of each
fiber by Energy Dispersive x-ray analysis (EDXA) is added to the
Level I procedures.
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Level III Quantitative analysis of SAED patterns from a
few representative fibers is added to Level II procedures.

Transmission Electron Microscopy is considered the better of the two types of

electron microscopy used for measuring airborne asbestos concentrations as well as bulk

samples (EPA, 1990E: 11).

PLM is an optical microscopic technique used to distinguish between different

types of fibers based on their shapes and unique optical properties. PLM is commonly

used to determine the presence of asbestos in bulk samples of suspected ACM (EPA,

1990B: 1-6). PLM point counting measures asbestos per area, while some methods

measure percent asbestos by weight. The EPA definition of ACM was revised in 1990 to

material containing 1.0 percent asbestos "by area" due to the inability to directly correlate

"by area" and "by weight" estimation analysis methods. The accuracy of quantitative data

from either visual or point counting PLM estimations is dependent upon several factors

including: sample homogeneity, asbestos fiber size, the presence of interfering

matrix/binder material, and the skill of the microscopist (EPA, 1990D:484 10).

If asbestos content is estimated at less than 10 percent by a method other than

point counting, such as visual estimation, the EPA has revised the definition to require that

the determination be repeated using the point counting technique with PLM. Point

counting, a systematic technique for estimating concentration, may be useful in quality

assurance activities, especially in establishing a relationship between point counts and

visual estimation procedures (EPA, 1990D: 48410).

PCM is an optical microscopic technique used for counting fibers in air samples,

but which does not distinguish asbestos fibers from non-asbestos fibers of similar size,

shape and aspect ratio (EPA, 1990B: 1-6). PCM can only be used to identify the existence

of asbestos-like fibers, but does not delineate asbestos fibers from non-asbestos fibers.

Scanning Electron Microscopy is a method of microscopic analysis which utilizes

an electron beam directed at the sample and then collects the beams that are reflected to
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produce an image from which fibers can be identified and counted (EPA, 1990B: 1-6).

SEM is more sensitive to thin fibers and has better specificity for asbestos than PCM

(EPA, 1990E: 10). At the time of this writing, however, there is no standard method, no

quality assurance laboratory testing, and no National Institute of Science and Technology

(NIST) reference materials for SEM. In spite of this, SEM is still more available and

much less expensive than TEM (EPA, 1990E: 10).

There are two serious limitations in some of the methods described above. The

first is that PCM cannot distinguish between asbestos and non-asbestos fibers, rather,

PCM counts all elongated particles that meet the length, diameter, and aspect ratio

criteria. The second limitation is a result of the optical magnification under PCM. Only

fibers or particles 0.25 micrometers in diameter or larger can be seen (EPA, 1990E: 10).

Table I-1 shows the comparative capabilities of the three principle analysis methods.

TABLE 2-1: COMPARISON OF PHASE CONTRAST, SCANNING ELECTRON. AND
TRANSMISSION ELECTRON MICROSCOPY ANALYTICAL METHODS FOR ASBESTOS
IDENTIFICATION AND QUANTIFICATION (EPA, 1990E: 10)

PCM SEM TEM
Specificity for Not specific (all More specific but Definitive
asbestos fibers greater than not definitive

5prm long are counted)

Matification 400 1000-2000 20,000

Sawutivity (Thinnest 0.15pm (best) 0.05pi (beat) 0.0002jun (begt)

fiber visible) 0.25"m (typical) 0.20pin (typical) 0.0025 pn (typical)

NOTE: PLM is used for bulk sample analysis only, and as such, does not appear in the above table. Due to the need fo standardized
analysis metods for air and bulk samples, PLM will not be considered for use in this research.

As summarized in the above table, PCM, TEM, and SEM offer clear choices for

measuring airborne asbestos concentrations. PCM has historically been the most widely

used method due to its low cost, availability, and its capability of meeting OSHA

workplace exposure standards. PCM is, however, often only a rough indicator of asbestos

contamination.
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TEM is better than PCM on all of its characteristics. TEM is more sensitive to

thin fibers and more specific for asbestos, but is also more expensive and less available.

SEM lies somewhere between TEM and PCM on most characteristics. It is more

sensitive to thin fibers and more definitive for asbestos than PCM, but the turn around

time for SEM samples is longer than that of PCM, but shorter than TEM. SEM's greatest

handicap is its lack of standardized protocol for sample preparation and analysis. The cost

of SEM falls somewhere between that of PCM and TEM, but due to the lack of

standardized testing protocol, is rarely used in the abatement industry today.

From the data in Table 2-1, it becomes clear that TEM is by far the most definitive

form of analysis. PCM is the least definitive, being used primarily to screen for asbestos-

like fibers. SEM, while better than PCM, is still much less definitive than TEM, and is not

the method of choice for ACJC asbestos quantification (EPA, 1990E: 1-6).

ASBESTOS UNITS OF MEASURE

Asbestos is quantified in several different ways. The following is a list of the

possible units produced by TEM, PCM, PLM, or SEM.

BULK SAMPLES: percent asbestos by area

percent asbestos by weight

AIR SAMPLES: fibers per milliliter or cubic centimeter (f/mL) (f/cc)

Bundles of fibers per milliliter (b/mL)

cluster of fibers per milliliter (c/mL)

structures per milliliter (s/mL)

mass per cubic meter (ng/m3 )

The different units of measure for concentrations of asbestos fibers cannot easily

be compared. In 1971, OSHA reduced the acceptable exposure level to 5 f/cc, for "fibers

greater than 5ptm in length" (Gotts, 1993:211). Due to this, the majority of data is a
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measurement of asbestos concentration for fibers greater or equal to 5um in length. When

using published data, it is important to clarify the exact parameters that the data units

represent.

Due to the minute amounts of asbestos being measured, and to reflect industry

standards, data in this research will often be reported in fractions of a fiber, such as .005

f/cc. When actually measured, a known volume of air is pumped through a filtration

device, normally measured in liters or cubic meters. Therefore, a measurement of .005

f/cc is the same as 5000 f/m3, or 5 f/L.

AMBIENT BACKGROUND LEVELS OF AIRBORNE ASBESTOS FIBERS

TEM can be used to monitor the outdoor ambient level of asbestos concentrations.

There are over twenty published papers which have tried to quantify ambient outside air

asbestos concentrations (HEI, 1991:4-36). The reader is directed to the Health Effects

Institute reference document for a tabulation of results from these studies. Concentrations

found in rural areas with no natural asbestos sources ranged from 0.0002 to 0.0006 f/cc

depending on the location (HEI, 1991:4-39). Higher concentrations of 0.002 to .00005

f/cc have been reported in urban areas (HEI, 1991:4-38).

The EPA has stated in its guidance that 0.005 f/cc is a "typical outdoor asbestos

level in urban areas, as measured by TEM" (BNA, 1987:26).

MONITORING OF AIRBORNE ASBESTOS CONCENTRATIONS

Because of their small size, airborne asbestos fibers are difficult to distinguish from

other man-made and natural fibers (EPA 1990E: 12). An asbestos fiber, once released into

the air by any means, will enter a phase of downward settling determined by its mass,

form, and axis attitude. The range of these fiber attributes strongly affect the settling

velocities and hazard potential, since those fibers which are able to remain aloft for many

hours have a higher exposure probability than rapidly settling fibers. The settling velocity
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of a fiber is strongly dependent upon fiber diameter and to a lesser extent, fiber length

(EPA, 1979B:I-2-3). It is these airborne asbestos fibers which require analytical sample

monitoring in an effort to protect the health of the asbestos abatement workforce.

The monitoring of the workplace for airborne asbestos is regulated by OSHA.

OSHA's General Industry Standards (29 CFR 1910.1001) and Construction Standards (29

CFR 1926.58) both require employers to initiate air monitoring, medical surveillance, and

employee training if employees are exposed at or above the action level of 0.1 fibers per

cubic centimeter calculated as an eight-hour time weighted average (Arbuckle, 1993:407).

The monitoring of air for asbestos concentrations is accomplished by either TEM,

PCM, or SEM analysis methods. Monitoring on ajobsite is conducted for three different

reasons: (1) To determine ambient pre-construction airborne concentration levels, (2) To

determine the level to which workers are being exposed, and (3) To certify a building as

"clean" after an abatement action. These monitoring actions are accomplished with the

use of vacuum pumps which draw air through filters, thus collecting the fibers from a

given volume of air. These filters are then analyzed in the laboratory by one of the three

analysis methods to determine the airborne asbestos concentration per unit of air.

EPA REQUIREMENTS

MONITORING: The EPA has promulgated regulations specifically addressing

asbestos emissions from demolition, renovation, and disposal operations. The regulation

of asbestos emissions fall under the National Emission Standards for Hazardous Air

Pollutants (NESHAP) found in 40 CFR Part 61.12. The standard does not set a numerical

threshold for asbestos fiber emissions, but requires EPA notification of projects

concerning removal of specified amounts of ACM.

CONTAINMENT DURING REMOVAL (40 CFR 763; Subpart G): The EPA

requires containment for those removal actions which involve ACM with greater than 1.0

percent asbestos by area. The EPA clarified "by area" in the 20 November, 1990 volume
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of the Federal Register. This was required because some analysis techniques measure

asbestos content by weight, which cannot be directly converted to asbestos content by

area. This discrepancy greatly affects the results when such a small amount of the mineral

is being measured.

Additional containment requirements can be found in 40 CFR 763, Subpart G.

This document establishes requirements which must be followed during asbestos

abatement projects performed by employees of state and local governments not covered

by the OSHA standards in 40 CFR 1926.58.

NOTIFICATION (40 CFR 61.145): Asbestos removal action notification to the

EPA is required when the quantity of ACM exceeds 260 linear feet on piping or 160

square feet on other facility components. Other notification requirements for demolition

and renovation work are required for lesser amounts of ACM as dictated in 40 CFR Part

61.

ACJC ANALYSIS: According to the EPA, where demolition or renovation

impacts a wall system, a composite analysis of the wall system (an analysis of percent

asbestos in joint compound, tape, and wall board) should be conducted. If the composite

sample shows asbestos content greater than 1.0 percent by area and at least 160 square

feet of the wall system is involved in the demolition or renovation, then the project would

be subject to the asbestos NESHAP (Resnic, 1992:1). Resnic further stated that the EPA

directs the use of composite sampling because it believes that when joint compound and/or

tape is applied to wallboard, it becomes an integral part of the wallboard and in effect

becomes one material forming a wall system.

The sampling and analysis of a suspect ACM must be accomplished according to

strict protocol. The EPA has issued a policy which requires the use of the published

analysis procedure as set forth in 40 CFR Part 763, Appendix A, Subpart F, entitled,

"Interim Method for the Determination of Asbestos in Bulk Samples". Based on optical

crystallographic properties, the PLM method must be performed by a microscopist with
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formal training in optical mineralogy. PLM gives a qualitative differentiation between

asbestos and non-asbestos fibers along with a quantitative estimate of percent asbestos by

area and volume. The results of PLM analyses are interpreted by the EPA as follows:

If one or more samples from a homogenous suspect ACM contains greater than
1.0% asbestos by area, the entire material is considered to contain asbestos.
If a doubt exists, or if further information is required, samples should be re-
analyzed or additional samples should be collected. (EPA, 1990B:8-4)

OSHA REQUIREMENTS

MONITORING (29 CFR Part 1926.58): OSHA requires an employer to begin air

monitoring, employee training, and medical surveillance when the action level of 0.1 f/cc is

reached. The permissible exposure limit for an employee is 0.2 f/cc of air, averaged over

an 8-hour period.

DISPOSAL (40 CFR Part 61.150): Disposal requirements for ACM are covered

under the Clean Air Act's National Emission Standards for Hazardous Air Pollutants

(NESHAP) regulations, 40 CFR Part 61.150. OSHA has no regulation specifically

requiring specific disposal requirements, however, OSHA does require material with

greater than 0.1 percent asbestos to be labeled as "asbestos". This ultimately requires the

following of the NESHAP requirement for disposal of the material as asbestos-containing

waste. That is, by default, the OSHA labeling requirement produces the need to dispose

of material with an asbestos content of 0.1 to 1.0 percent as an asbestos-containing waste,

when in fact, the EPA and NESHAP definition of ACM does not consider it to be

asbestos-containing for disposal purposes.

CONTAINMENT DURING REMOVAL (29 CFR 1926.58): During asbestos

abatement actions, glovebag or containment enclosures are required to eliminate asbestos

jobsite emissions. Part 1926.58 includes requirements for the containment structure,

hygiene facilities, signs, protective equipment, and air filtration systems. This part also

details work procedure requirements within the containment structure. Containment

2-11



requirements are not dictated by the amount of asbestos in a given material, but by the

amount of asbestos that will potentially become airborne. Containment structures zre used

to eliminate the emission of airborne asbestos from the worksite area, while also being

used to contain the contaminated air volume until it can be filtered through a High

Efficiency Particulate Air (HEPA) filtration system.

NOTIFICATION: OSHA does not currently require prior notification of

abatement activities. OSHA has, however, proposed a project reporting requirement in

the July 20, 1990 volume of the Federal Register (Arbuckle, 1993:408).

IS ACJC AN ACM?: Regardless of whether or not a given ACJC is considered by

OSHA to be an ACM, some requirements of 29 CFR 1926.58 apply whenever various

types of work are performed involving ACJC or other ACM regardless of the asbestos

content. One such type of work is the demolition of a facility (29 CFR 1926.58(a).

ACJC ANALYSIS (Clark, 1993:3): OSHA considers composite sampling as

unacceptable for either determining whether asbestos is present in a material or

determining whether or not an asbestos hazard warning label is required. If asbestos is

present in any one component of a material, then the material comes under the scope of 29

CFR 1926.58. In addition, if asbestos is present in concentrations of 0. 1 percent or more

by weight, then labeling requirements become binding. OSHA regulations do not specify

methods for determining the asbestos content of joint compounds or any other materials.

EXPOSURE LIMITS (29 CFR 1910 and 1926): OSHA originally stipulated a

maximum exposure of 5.0 fiber/cc which are greater than 5pm in length over an 8-hour

period on a time weighted average (TWA) basis. A maximum of 10.0 f/cc for a 15 minute

sampling period was the allowed one-time excursion. On October 9, 1975, OSHA

proposed a limit of 0.5 f/cc TWA and 5.0 f/cc maximum excursion over a 15 minute

period. On July 1, 1976, the original requirement in the regulation was reduced to 2.0 f/cc

with the maximum excursion permitted remaining at 10.0 f/cc (EPA, 1979:1-3-2). In

1986, the exposure limit was further reduced to 0.2 f/cc (Cherry, 1988:3). Levels found in
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indoor air, even in rooms with damaged asbestos insulation are generally less than 1/100th

of that amount (Gots, 1993:211).

EMPLOYEE PERSONAL MONITORING: OSHA requires that every employer

shall perform initial monitoring on employees who are or may be exposed at or above the

action level of 0.1 f/cc (Cherry, 1988:153). Once the PEL of 0.2 f/cc is reached, personal

protective equipment (PPE) is required to limit the exposure to a maximum of 0.1 f/cc per

29 CFR Part 1926.58.

OSHA requires construction and the General industry to provide (BNA, 1987:61):

- worker education and training ahout asbestos hazards

- Engineering controls where feasible, and work practices, including respirators to

keep exposure to less than 0.2 f/cc

- Warning labels and signs

- Retention of medical records for 30 years

- Changing rooms, showers, etc.

- Clean areas to eat. drink, etc.

WORKPLACE AIRBORNE ASBESTOS ANALYSIS METHODS

The standard protocol for measuring exposure to airborne asbestos in the industrial

workplace adopted by OSHA specifies PCM as the analytical method (EPA, 1990E:9).

The method for analyzing asbestos-containing bulk samples is not, however, specified by

OSHA. Any reliable method that determines the asbestos content of individual material

components is acceptable by OSHA and may be used for determining the asbestos content

of joint compounds or other suspect materials (Clark, 1993:1).

OSHA considers composite sampling as unacceptable for either determining

whether asbestos is present in the mhteria!s or determining whether asbestos hazard

warning labels are required. OSHA directs that if psbestos is present in any one of the

material components, any repair, demolition, or renovation activity involving the material

2-13



comes under the scope of 29 CFR 1926.58. Also, if asbestos is present in any one of the

materials in concentrations of 0.1 percent or more by weight, then the container holding

the material must have an asbestos hazard warning label regardless of what other materials

may also be present in the container. For these reasons, a sampling protocol that

determines the asbestos content of the individual material components must be used

(Clark, 1993:4).

Labeling is the only OSHA requirement initiated on the basis of the asbestos

content of the product exceeding a specific amount. According to 29 CFR

1910.58(k)(2)(vi)(B), labeling provisions do not apply unless asbestos is present in a

product in concentrations of 0.1 percent or more by weight (Clark, 1993:1). ACJC debris

must be placed in labeled impermeable containers. The levels of employee exposure to

airborne asbestos determines what other requirements of the standard apply (Clark,

1993:4).

ACM DISPOSAL

Disposal of asbestos is again based on the definition of asbestos-containing

material. If a material does not contain greater than 1.0 percent of asbestos, regardless of

friability, the material is not regulated by the EPA, and there art- no disposal requirements

(U of C, 1993:R-6). Some states, however, require that the material still be placed in air

tight containers and labeled "DANGER, ASBESTOS..." (U of C, 1993:R-6)

The department of transportation has classified asbestos as hazardous for

transportation purposes. Most states have more stringent requirements on the disposal of

asbestos, and many have designated the waste as hazardous (BNA, 1987:53). Regardless

of state law, under 40 CFR Part 61.150, ACM waste must be disposed of in the following

manner (U of C, 1993:R-6; FERMC, 1993:22):

1. Material shall be wet when removed and kept wet while being containerized.

2. Material shall be placed in leak proof containers with an OSHA danger sign
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and the name and address of the owner/generator.

3. The shipment must have a hazardous waste manifest.

4. The shipment of asbestos waste shall be transported in an approved vehicle

with a trained driver. The vehicle must display warning signs during loading and

unloading.

5. Disposal of the material shall be at a site operated in accordance with 40 CFR

Part 61.154.

ASBESTOS AND HUMAN HEALTH

Asbestos has been shown to cause four major diseases, but the actual risk

experienced by the asbestos abatement industry workforce is difficult to quantify. There

are several differing studies that indicate that lung cancer increases at a rate in line with the

level and duration of exposure (BNA, 1987:3). The variables involved in such studies are

numerous, however, making it difficult to arrive at an absolute conclusion. One variable is

the differing type of asbestos, each type possibly presenting differing levels of risk. It is

not known whether the different mineral forms of asbestos present differing levels of

carcinogenic risk, but the question of whether or not certain fiber types are less hazardous,

or perhaps even harmless has become the subject of substantial debate (Gots, 1992:210).

The risk associated with changing levels of exposure is also a variable which

requires additional research. Asbestosis, mesothelioma, and lung cancer are all caused by

asbestos. Here the science is quite clear. What is less clear, however, is at what exposure

concentration is a person taking on an unacceptable level of risk (Gots, 1992:211).

According to the National Research Council, residents of urban areas face a lifetime risk

of between I in 100,000 and 7 in 100,000 of developing cancer as a result of asbestos in

the ambient air (BNA, 1987:3). This risk is quite high compared to the normally accepted

cancer risk level of I in one million. If the estimate from the National Research Council is

correct, the hazards associated with ambient levels of asbestos will have a major impact on
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the acceptable level to which abatement workers should be exposed. Some estimates of

lifetime cancer risks for different exposure scenarios are found in Table 2-2.

TABLE 2-2: Estimated Lifetime Cancer Risks for Different Scenarios of Exposure to Airborne
Asbestos Fibersa W1El. 1991:1-11: Gots, 1992:215).

Conditions Premature Cancer Deaths
(Lifetime Risks)
per Million Exposed Persons

Lifetime continuous outdoor exposure
- 0.0000 1 f/cc* from birth (rural) 4
- 0.0001 f/cc from birth (high urban) 40

Exposure in a school containing ACM,
from age 5-18 years (180 days/year, 5
hours/day)

- 0.0005 f/cc (average)b 6
- 0.005 f/cc (high)b 60

Exposure in a public building containing
ACM age 25-45 years (240 days/year, 8 hours/day)

- 0.0002 f/cc (average)b 4
- 0.002 f/cc (high)b 40

Occupational exposure from age 25 to 45
- 0. 1 f/cc (current occupational levels)c 2000
- 10 f/cc (historical industrial exposures) 200,000

a This table represents the combined risk (average for males and females) estimated for lung cancer and mesotheliorna for building

occupants exposed to airborne asbestos fibers under the circumstances specifiecd

b The "average" levels for sampled schools and buildings represent the means of building averages for the buildings reviewed in the

Health Effects Institute (1991) referenced document. The "high" levels for schools and public building, shown as ten times the average,
are approximately equal to the average airborne levels of asbestos recorded in approximately 5 percent of schools and buildings with
abestootaninsg mateiak

C The concentration shown (0.1 VTcc) represents the permissible exposure limit (PEL) proposed by OSHA. Actual worker exposure,
expected to be lower, will depend on a variety of factors including work practices, and use and efficiency of respiratory protective

* fOcc measurement is fibers per cubic centimeter of air.
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Due to the variability of evaluation parameters, experts in the field of epidemiology

have differing opinions on measuring the carcinogenicity of asbestos. Mesotheliomas, rare

forms of cancer that are strongly associated with asbestos exposure, are considered to be

very specific markers of an exposure outcome.

Malignant mesotheliomas are fatal tumors that develop in mesothelioma cells in the
pleura, pericardium, and peritoneum. They are quite rare, only 1648 in the United
States recorded between 1973 and 1984. The connection between mesothelioma
and asbestos was first described in South Africa miners whose predominant
exposure was to crocidolite asbestos. (Gots, 1992:210)

It can be argued that if low-level asbestos exposure were carcinogenic, one would

have expected to have seen an excess in mesotheliomas in the population at large from

indoor air and other background exposures. Despite the fact that we customarily breathe

one million or so fibers each year, numerous epidemeological studies have found no

notable risk in the general population (Gots, 1992:212).

The differing opinions concerning the level of risk involved with any exposure may

never merge. Some experts believe that a single fiber presents an unreasonable risk, but

the belief in such a risk, for now, is based upon subjective beliefs, and is currently

unsupported by scientific data.

Specifically, there are two areas of uncertainty which require additional research.

These areas of uncertainty include the effects of low level exposure and the different risks

of the differing types and sizes of mineral fibers (Gots, 1992:209). During this preliminary

literature review, these uncertainties have surfaced as the critical issues of asbestos

research.

This research will not attempt to summarize the extensive health and medical

implications of asbestos exposure, but will direct the reader to the comprehensive studies,

Asbestos in Public and Commercial Buildings: A Literature Review and Synthesis of

Current Knowledge (HEI, 1991) and Airborne Asbestos Health Assessment Update (EPA,

1986B). It is important to note that these research documents are not always completely
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supported by the multidisciplinary group of experts involved with their development. The

document prepared by the Health Effects Institute (HEI) includes the disclaimer that not

all literature review panel members agreed on the final document findings. With this in

mind, it becomes quite clear that much more research is needed in the areas of asbestos

exposure and subsequent carcinogenic occurrences.

LAWS GOVERNING ASBESTOS

In response to the federal, state, and local governments focusing on the ever-

increasing attention on the presence of asbestos-containing materials, a plethora of

overlapping statutes, ordinances, and regulations have been adopted. Due to the scope of

this research, the rules and regulations of individual states will not be addressed. To date,

two federal agencies have been principally responsible for generating regulations for

asbestos control. These two agencies are the OSHA and EPA. Other federal agencies

promulgating regulations regarding asbestos include the Department of Transportation,

the National Bureau of Standards, and the Consumer Product Safety Commission.

The EPA has addressed the asbestos issue in two sets of regulations, the Asbestos

Hazards and Emergency Response Act (AHERA), 40 CFR 763; and the National

Emission Standards for Hazardous Air Pollutants (NESHAPS), 40 CFR 61. OSHA has

created the General Industry Standards, 29 CFR 1910; and the Construction Industry

Standards, 29 CFR 1926.58. The following paragraphs summarize the major federal

regulations which regulate the use, handling, treatment, removal and disposal of ACM's.

THE CLEAN AIR ACT: Under this Act, Congress created a comprehensive

regulatory system to reduce, and when possible, eliminate air pollution. 40 CFR 61 is the

regulation by which NESHAPs governs the renovation and demolition of buildings that

contain asbestos. The NESHAP standard does not set a numerical threshold for asbestos

fiber emissions, but requires owner/operators to:

- Notify the EPA prior to the removal action.
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- Follow certain ACM removal procedures.

- Adopt standard work practices to prevent the release of asbestos fibers into the

air.

- Dispose of the ACM only at certified disposal sites.

WORKER PROTECTION RULE: The EPA worker protection rule in 40 CFR

763, extends provisions of the OSHA asbestos standards to state and local asbestos

workers not covered by federal OSHA standards (EPA, 1990B:3-2,1-7).

THE CLEAN WATER ACT: Under this Act, the EPA has set specific effluent

limits for discharges of asbestos fibers into the navigable waters of the United States by

facilities such as asbestos roofing and floor tile manufacturers (40 CFR Part 427). The

EPA has also set performance and pretreatment standards for those facilities which

discharge asbestos fibers to public sewer systems (40 CFR 427).

TOXIC SUBSTANCES CONTROL ACT (TSCA): Under TSCA, the EPA has

promulgated regulations requiring all persons who manufacture, import or process

asbestos to meet certain reporting requirements. Due to the limited scope of this research,

the reader is directed to 40 CFR Part 763.60 for a summary of these requirements.

ASBESTOS HAZARD EMERGENCY RESPONSE ACT OF 1986 (AHERA):

Due to the serious health hazards associated with asbestos, Congress amended TSCA to

include Title III, the AHERA. This Title requires the EPA to establish a comprehensive

regulatory framework of inspection, management, planning, operations and maintenance

activities, and appropriate abatement responses for controlling ACM's in schools. At the

present time, AHERA only affects schools, but there has been considerable attention

directed toward the possible regulation of public and commercial buildings in the future,

however, at the present time, the EPA does not recommend a regulatory program for

public and commercial buildings modeled on AHERA (Arbuckle, 1993:405).
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RESOURCE CONSERVATION AND RECOVERY ACT (RCRA): The EPA

has not listed asbestos as a hazardous waste under RCRA. Asbestos wastes are treated as

solid wastes for the purposes of this Act.

COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION

AND LIABILITY ACT (CERCLA): Under CERCLA, the EPA has listed asbestos as a

hazardous substance (40 CFR 302.4).

OSHA GENERAL INDUSTRY STANDARDS AND CONSTRUCTION

STANDARDS: The general industry asbestos standard, 29 CFR 1910.1001 applies to the

protection of non-construction workers from airborne asbestos by deteriorating asbestos

containing material as released as a result of disturbance by other workers during the

performance of maintenance or construction activities, or because of other sources (Clark,

1993:5). The Construction Standard, 29 CFR 1926.58 covers employees engaged in

construction or demolition of structures containing asbestos materials.

The OSHA and EPA have each promulgated regulations pertaining specifically to

workers involved in the asbestos industry. Both OSHA standards 29 CFR 1910 and 1926

apply to workers involved in the removal, demolition, inspection, repair, maintenance,

transportation and disposal of ACM's (EPA, 1990B:3-1). Under both sets of regulations,

if employees are exposed at or above the action level of 0.2 f/cc on an eight-hour time

weighted average, then the employer must initiate specific air monitoring, employee

training, and medical surveillance requirements. 29 CFR 1910.1001 also requires the

employer to provide employees with respirator equipment if engineering controls are

inadequate to keep the employee exposure to at or below the PEL.

OSHA FEDERAL HAZARD COMMUNICATION STANDARD: OSHA has

revised a federal communication standard which covers all employees exposed to

hazardous chemicals, including asbestos. This standard requires both manufacturing and

non-manufacturing employers to establish written hazard communication programs that
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provide information about the chemicals to which the employees are exposed (Arbuckle,

1993:409).

DEPARTMENT OF TRANSPORTATION (DOT) REGULATIONS: The DOT

regulates the transport of asbestos in accordance with the provisions of the Hazardous

Materials Transportation Act (HMTA) of 1975. In 49 CFR 172, the DOT has designated

asbestos as a hazardous material for the purposes of transportation and has prescribed

requirements for manifesting, packaging, marking, labeling and transport vehicle

placarding.
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TABLE 2-3: Cross References To A•bestos Regulation (Federal Register. 1990:48433)

EPA: 40 CFR 763, Subpart E,F Requires schools to inspect for asbestos and
implement response actions and submit asbestos

management plans to States. Specifies use of
accredited inspectors, air sampling methods, and
waste disposal procedures.

EPA: 40 CFR 427 Effluent standards for asbestos manufacturing
source categories.

EPA: 40 CFR 763, Subpart G Protects public employees performing asbestos
abatement work mi States not covered by OSHA
asbestos standard.

OSHA: 29 CFR 1910.1001 Worker protection measures, engineering
controls, worker training, labeling, respiratory
protection, bagging of waste, 0.2 f/cc permissible
exposure level.

OSHA: 29 CFR 1926.58 Worker protection measures for all construction
work involving asbestos, including demolition
and renovation - work practices, worker training.
bagging of waste, 0.2 f/cc permissible exposure
level.

MSHA: 30 CFR 56, Subpart D Specifies exposure limits, engineering controls,
and respiratory protection measures for workers
in surface mines.

MSHA: 30 CFR 57, Subpart D Specifies exposure limits, engineering controls,
and respiratory protection measures for workers
in underground mines.

DOT: 49 CFR 171 and 172 Regulates the transportation of asbestos-
containing waste material. Requires waste
containment and shipping papers.

2-22



REVIEW OF FEDERAL LIABILITY

The interpretation of existing regulations may result in a liability to the government

for the less than optimal protection of asbestos abatement workers. A decision to follow

the less stringent EPA standards for complete demolition projects with ACJC of 0.1 to 1.0

percent asbestos (Satterfield, 1993) may result in substandard protection of demolition

workers. The following chapters of this research will attempt to determine if substandard

worker protection exists on demolition work sites.

Whether or not adequate protection is afforded abatement workers, the United

States Government may be liable for asbestos related injuries under the Federal Tort

Claims Act and the Long Shoreman's and Harbor Worker's Compensation Act (BNA,

1987:93).

ASBESTOS ABATEMENT WORK PRACTICES

RENOVATION VS DEMOLITION: EPA and OSHA regulations treat

renovation and demolition projects the same. Some Air Force Bases, however, use these

terms to help delineate which regulations to follow, when the regulations seem vague.

The standard practice on Wright-Patterson AFB is to abate material which contains

greater than 1.0 percent asbestos (Leggen, 1994). Material with less than 1.0 percent

asbestos is considered to contain only "trace" amounts, and is therefore demolished

without engineering controls. McClellan AFB, however, follows the OSHA regulations

when asbestos content is greater than 0.1 percent for renovation projects, or rather,

whenever a facility is planned for re-use. If the building is being demolished, the less

stringent EPA requirements are followed for any joint compound with an asbestos

concentration between 0.1 and 1.0 percent. If the facility contains ACJC with greater than

1.0 percent asbestos and is scheduled for demolition, OSHA guidelines are followed.

The Base-by-Base adoption of differing interpretations of these regulations may

present a future liability to the Government. If the Air Force is required to defend any
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given interpretation in the future, it would be important to be able to show that there was

a consensus on the regulation in question. If different Bases follow differing

interpretations, it would indicate that some personnel were knowingly exposed to higher

asbestos concentrations, ultimately limiting the protection of their health and welfare. This

fact may cost the Government a great deal of money in the future, when improved

technology and testing data will prove or disprove the overall carcinogenic impact of

asbestos on the human body.

REPORTING REQUIREMENTS: Prior to abatement, it must be determined

whether or not EPA notification is required. Per 40 CFR 61, the EPA requires a removal

action notification in the following cases. When ACM is removed from:

(i) at least 80 linear meters (260 linear feet) on pipe or at least 15 square meters
(160 square feet) on other facility components, or

(ii) at least one cubic meter (35 cubic feet) off facility components where the
length or area could not be measured previously (EPA, 1990D:4842 1).

EMISSION CONTROL: Each owner or operator of a demolition or renovation

activity shall remove all Regulated Asbestos Containing Material (RACM) from the

facility being demolished or renovated before any activity begins that would breakup,

dislodge, or similarly disturb the material or preclude access to the material for subsequent

removal. According to 40 CFR 61, RACM need not be removed before demolition if

(EPA, 1990D:48421):

(i) It is a Category I non-friable ACM that is not in poor condition and is not
friable.

(ii) It is on a facility component that is encased in concrete or other similarly hard
material and is adequately wet whenever exposed during demolition, or

(iii) It is not accessible for testing and was, therefore, not discovered until after
demolition began and, as a result of the demolition, the material cannot be safely
removed. If not removed for safety reasons, the exposed RACM and any
asbestos-contaminated debris must be treated as asbestos-containing waste
material and be adequately wet at all times during disposal.
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(iv) They are Category II non-friable ACM and the probability is low that the
material will become crumbled, pulverized, or reduced to powder during
demolition.

BULK SAMPLE ANALYSIS: To determine if a material is asbestos-containing,

bulk samples must be obtained. 40 CFR 763.86 requires that bulk samples be collected by

an accredited inspector in a statistically random manner that is representative of the

homogenous area of surfacing material. The regulation directs that the samples be

collected as follows:

(1) At least three bulk samples shall be collected from each homogenous area that
is 1000 ft2 or less, except as provided in 763.87(c)(2).

(2) At least five bulk samples shall be collected from each homogenous area that
is greater than 5000 ft2 , except as provided in 763.87(c)(2).

(3) At least seven bulk samples shall be collected from each homogenous area that
is greater than 5000 ft2 , except as provided in 763.87(c)(2).

Quality Control (QC): Collection of side-by-side duplicate samples are

recommended at a rate of one QC sample per building or one QC sample per twenty

samples, whichever is larger. The laboratory should analyze duplicates without knowing

which are the QC samples. The results of the duplicates are compared to determine the

sampling and analytical precision(EPA, 1990D:8-5).

ABATEMENT: Each abatement project has its own unique characteristics, but

each requires several things: a continued analysis of the worksite for ACM, worker

protection during the project, a properly contained area, ACM removal, and a rigorous

post abatement cleanup effort (Environmental Institute, 1991:5-1).

The continued analysis for hidden ACM is required to ensure that all ACM has

been identified, and to also ensure that none of the material is improperly removed. Often,

a second round of sampling is conducted on select areas of the project to better delineate

areas requiring further abatement actions.
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Worker protection entails not only proper training and specified work practices per

29 CFR 1910 and 1926, but also protective equipment for abatement workers. The

OSHA standards specify three different respirators depending on the expected

concentration of fibers in the work area: (1) a full or half-faced mask with either a single-

use or replaceable filter, (2) a full-face mask with replaceable filter and a pump to assist

breathing, and (3) a full-face mask with self-contained or remote air supply

(Environmental Institute, 1991:5-1). NIOSH now recommends that the first type of mask

not be used with a single-use filter. This is because the filters have not been tested for

effectiveness specifically against asbestos fibers and because they are difficult to seal

against the face (Environmental Institute, 1991:65). Further information on worker

protection and environmental controls can be found in the EPA document, A Guide to

Respiratory Protection for the Asbestos Abatement Industry (EPA, 1986A).

The proper containment of the abatement work area requires the construction of

barriers with 6 mil polyethylene plastic sheets joined with folded seams, and with sealing

tape at the seams and boundaries. Air locks, decontamination rooms, and negative air

systems are suggested, but not always required (Environmental Institute, 1991:5-3).

Detailed instructions for the construction of containment systems can be found in the

referenced documents, Environmental Institute, 1991; EPA, 1979A; and EPA, 1986A.

The actual removal effort can be conducted in several different manners, the most

common being fill or glovebag containment. In either case, the material must first be

treated with a solution of water and a wetting agent to reduce fiber release. Some types

of amosite will not absorb either water or water combined with the wetting agent, usually

50% polyoxyethylene ester and 50% polyoxyethylene ether as suggested by the EPA

(Environmental Institute, 1991:5-3). A wetting agent must be used. The EPA must

approve all dry removal operations, as required under NESHAPS, 40 CFR 61.

A rigorous post-abatement cleanup effort is required to ensure the area is not left

in a contaminated condition. Cleanup should include wet mopping or HEPA-vacuuming
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of all horizontal and vertical surfaces in the abatement area. A second cleaning at least 24

hours after the first is highly suggested in order to remove fibers that have had time to

settle (Environmental Institute, 1991:5-3).

IN-HOUSE VS CONTRACT ASBESTOS REMOVAL

Some requirements of the construction industry asbestos standard apply whenever

various types of work are performed involving ACJC or other asbestos containing

materials regardless of the asbestos content. The scope of this research involves

demolition, ren, vation and alteration projects which do fall under the purview of the

Construction Industry and General Industry Standards. For further information, the

reader is directed to 29 CFR 1926.58(a) for a summary of regulated activities (Clark,

1993:1)

CONCLUSION

The Air Force is currently using two differing regulatory guidance documents

which directly impact the health and welfare of the asbestos abatement workforce (Carl,

1993; Satterfield, 1993). It is difficult to choose the safest and most cost effective action

level to follow because of the differing regulatory agency requirements. Standardized

methods for the analysis and interpretation of ACM test results are required to

successfully mesh the EPA and OSHA requirements.

In the following chapters, a mnethodology will be developed and proposed to

determine the appropriate aion level to follow during the abatement of ACJC. This

action level will ultimately result in the least amount of money spent for the adequate

protection of the asbestos abatement workforce.
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HI. RESEARCH METHOD

INTRODUCTION

The EPA and OSHA regulations for asbestos abatement activities are interpreted

different ways by different Air Force Bases. The determination of whether or not

adequate protection is being afforded abatement workers, as well as workers occupying

the area after abatement, needs to be determined.

This research will provide a decision-making tool to help evaluate the most

efficient action level which protects the safety of asbestos abatement workers while also

minimizing abatement costs. This chapter will describe the variables, model, model

output, and assumptions used.

DETERMINATION OF VARIABLES

Many variables will be used to describe the specific conditions under which

removal of ACJC will take place. As described below, some variables will be definitive

quantities, such as the dimensions of a room. Other variables, such as the room air

exchange rate, will be computer simulated. During the computer simulation, a random

number generator will be used to produce a column of variables within the predetermined

range, using a uniform probability distribution. The simulation model will represent the

environmental conditions present during the removal of ACJC. These conditions can be

modeled by use of the following variables:

1. Cubic footage of room or enclosure
2. Wall area within room or enclosure
3. Percent asbestos in ACJC
4. Demolition rate in square feet per hour
5. ACJC application rate
6. Standard fiber volume
7. Number of asbestos fibers present in wall(s)
8. Fraction of sheetrock pulverized
9. Number of fibers released per hour
10. Air exchange rate of room during demolition
11. Number of fibers present in air at any instant in time (t)
12. Average number of fibers per cubic centimeter during demolition

3-j



CUBIC FOOTAGE: The cubic footage of a room will be entered as the actual

volume, in cubic feet, as measured for a given project. Due to the change in air volume, if

a demolition facility has more than one room, each room will be modeled separately. The

spreadsheet program will automatically convert cubic footage to cubic centimeters as

required to produce consistent units in spreadsheet computations.

WALL AREA: The wall area within the enclosure will be entered in square feet,

as measured for each individual room or enclosure. The spreadsheet program will convert

square feet to square centimeters as required to produce consistent units in spreadsheet

computations.

PERCENT ASBESTOS IN ACJC: This model is designed for projects where

sample results for bulk sheetrock analyses return an asbestos content in the range of 0.10

to 0.90 percent as measured by TEM. The spreadsheet tables will have columns which are

calculated with asbestos concentrations from 0.10 to 0.90 percent in 0.1 increments.

DEMOLITION RATE: The average demolition rate of 100 SF/Hr is the industry

standard for cost estimate calculations (Means, 1988:22). This rate assumes a two person

crew, working eight hours per day. This rate does not account for break periods, but

assumes a continual demolition process. The rate of 100 SF/Hr is used as a constant in all

spreadsheet calculations. This research covers manual demolition techniques only, and

does not include radical demolition techniques such as those involving bull dozer and

wrecking-ball equipment.

ACJC APPLICATION RATE: The average amount of ACJC that is applied

during construction is 3 gallons per 500 square feet of wall space (Falcone, 1978: 321).

This amount is used in the construction industry for construction cost estimation, and will

be used as a constant in this research.

STANDARD FIBER VOLUME: The conventional industrial hygiene definition of

an asbestos fiber describes a fiber as having a length greater than 5 gim, an aspect ratio

greater than 3 to 1, and a diameter less than 3 gm. This definition gives rise to a range of
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fibers from 5 pm to 9 gm in length. To determine the number of fibers in an average

sample of ACJC, an even distribution of fibers with lengths of 5, 6, 7, 8, and 9

micrometers will be used. These fibers will each be assumed to have an aspect ratio of 3

to 1. As shown in Chapter 4 calculations, the total volume of the five fibers described

above is 1.68 * 1070 cubic centimeters. This number will be used as a constant in

spreadsheet calculations.

NUMBER OF FIBERS IN WALL: No published data is available to describe the

fiber size ratios within a specific ACM. As described above, for the purpose of this

research, fiber concentrations will be assumed to have lengths normally distributed, all

having an aspect ratio of 3:1. The lowest aspect ratio within the fiber definition, 3:1,

presents the most conservative estimate of fiber availability for exposure, and thus, the

most conservative estimate in terms of protecting worker health and safety. The number

of fibers in the wall system is found by multiplying the amount of joint compound used on

the wall system by the percent content of asbestos, dividing by the standard fiber volume,

and then multiplying this amount by five to get the total number of fibers. For sample

calculations, see Chapter 4.

FRACTION OF SHEETROCK PULVERIZED: The percent of sheetrock which

becomes friable will be assumed to range from 30% to 70%. This range represents the

percent of sheetrock which becomes pulverized, and thus potentially airborne during

demolition work. This range is a conservative estimate taking into account the stringent

definition of friability. Any material is considered friable if it is disturbed in a way such

that it becomes airborne. The 70% figure is a conservative figure which over

approximates the destruction that would normally occur during hand-removal. If

demolition work was accomplished by heavy machinery such as a bull dozer, an upper

limit of 100% would be assumed, indicating that all fibers become airborne during

demolition.

3-3



NUMBER OF FIBERS RELEASED PER HOUR: The number of fibers released

per hour is calculated from the total number of fibers becoming airborne during demolition

divided by the demolition rate and air exchange rate. The number of fibers released per

hour is then used to calculate the average number of fibers per cubic centimeter of air

during demolition. Example calculations are shown in Chapter 4.

AIR EXCHANGE RATE: The normal non mechanical air exchange rate for a

building built prior to 1970 is from 0.7 to 1.5 changes per hour (EPH) (Morrill, 1989:8).

The non-mechanical exchange rate is used because the electrical power to demolition

buildings is normally disconnected prior to demolition work. This would disable any

heating or ventilation equipment normally used to improve airflow throughout the

structure. The exchange rate will be used to quantify the levels of exposure which will be

somewhat less if airflow is able to reduce airborne concentrations in the area of

demolition.

This research will consider only single rooms, and will assume the air exchange

rate to represent an exchange with outside ambient air. This assumption overlooks the

possibility of build-up of asbestos fiber concentrations outside the immediate area of

demolition. This must be taken into account on each individual project, insuring that

adequate ventilation is available in the work area.

Air Exchange Rates will be obtained through random computer generation using a

uniform distribution. This distribution is used with the assumption that any exchange rate

within the 0.7 to 1.5 range is equally likely to occur. It may be prudent to further analyze

the air exchange situations on individual projects to justify this assumption.

NUMBER OF FIBERS IN AIR: The number of fibers released into the air is

calculated from the number of fibers released divided by the air exchange rate and the

duration of the demolition work. Example calculations are shown in Chapter 4.

AVERAGE NUMBER OF FIBERS PER CC: The number of fibers present per

cubic centimeter of air is found by dividing the average number of fibers in the air during
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demolition activities divided by the total volume of the room in cubic centimeters. Again,

example calculations are shown in Chapter 4 of this work.

MONTE CARLO COMPUTER SIMULATION

The computer model simulation is comprised of a spreadsheet which is assembled

with random number generation capabihty. The random number generation will be limited

o ranges and distributions as discussed under each given variable. The computer

simulation will be run using ten different room sizes. Each simulation will include

calculations for the range of asbestos concentration of 0.10 to 0.90 % in 0.1 increments.

The results from these spreadsheets will produce a graphic representation of the exposures

experienced by demolition workers.

MODEL OUTPUT

Each spreadsheet, representing a specific room size, will have its resulting data

plotted. The graph shows the number of asbestos fibers per cubic centimeter versus the

percent of asbestos in the ACJC.

NON VARIABLE-SPECIFIC ASSUMPTIONS

ACJC THICKNESS: The application of joint compound is somewhat uniform,

but in an effort to produce an even smooth surface, the compound is applied in various

thicknesses. The application ofjoint compound fills in the cracks and irregularities of the

sheetrock, and is subsequently covered up by surfacing materials such as paint and/or

wallpaper.
The range of thickness of joint compound is usually from zero to 1/4th inch. This

range in thickness may lead to an exposure scenario which might not be adequately

characterized by an "average" exposure over the duration of the demolition work.
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IV: SPREADSHEET MODEL

EXAMPLE SPREADSHEET

The spreadsheets used in this research were created on Microsoft Excel. The

organization and entry of data required for the spreadsheet calculations are described in

this chapter.

The following spreadsheet is an abbreviated example of those used in this research.

The example is comprised often iterative lines which are used to compute the average

number of fibers present in the air during a specific demolition project. The actual

spreadsheets which can be found in Appendix A use 200 iterative lines. When using a

Monte Carlo simulation, the higher the number of iterations, the better the approximation.

In this research, the attempt is being made to approximate the total number of fibers per

cubic centimeter to which asbestos abatement workers are exposed. Theoretically, the

greater the number of iterations the closer the outcome will be to the actual fiber count.

The example spreadsheet is explained below. The capitalized letters at the

beginning of each of the following variable descriptions correspond to those on the

example spreadsheet found on Table 4-1. The following paragraphs describe the methods

used to calculate the spreadsheet.

A- Dimensions of the Room: The dimensions of the room are entered as text in this

cell. This cell is not used for computation, it simply indicates the size of the room for the

current spreadsheet calculation.

B. Cubic Footage of Room: The cubic footage of the room is entered as a

mathematical equation, providing the cubic footage in numerical form. This equation is a
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computation of the formula described in A above. This cell is used in spreadsheet

calculations.

C. Wall Area of Room: The wall area is entered as a mathematical equation to

produce a numerical output in square feet. This cell is used by reference for spreadsheet

calculation. The calculations for all spreadsheets included the gross wall area minus the

area of one door. No window areas were subtracted from the total wall area, thus

providing a more conservative estimate of asbestos fiber exposure.

D. Demolition Rate; The rate of 100 SF/Hr (Means, 1989:22) is assumed to be

constant, and is entered as such. The cell is used in calculations by reference.

F. ACJC Application Rate: The application of joint compound is assumed to be a

constant 3 gallons per 500 square feet of wall (Falcone, 1978:321). This is entered into

the cell as a constant and is used in calculations by reference.

F. Room Volume in Cubic Centimeters: The value in this cell is the result of the

following calculation:

3000 CF * (28320 CC/CF) = 84,960,000 CC

G. Wall Area: This value is a conversion of units as shown in the following equation:

640 SF * 929 SC/SF = 594,560

H. Demolition Rate in Square Centimeters per Hour (SC/Hr): This is a conversion of

units shown in the following equation:

100 SF/Hr * 929 SC/SF = 92,900 SC
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I. Total Time to Demolish: This is the total time expected to demolish the sheetrock

walls in the room in question. The project duration is found as shown in the following

calculation: (640 SF of Wall)/(l00 SF/Hr) = 6.4 Hrs

J. Gallons of ACJC Applied to Walls: To determine the number of gallons that have

been applied to the walls within the room in question, the calculation is as follows:

640 SF of Wall * (gallons / 500 SF) = 3.84 gallons

K. Cubic Centimeters of ACJC Applied to Walls: This is a conversion of gallons of

ACJC to cubic centimeters of ACJC. The conversion is conducted as follows:

3.84 gallons ACJC * 3785 cc/gal = 14,534.4 cc

L. Fiber Volume Within ACJC: This volume is based on the assumption that the

asbestos concentration within the ACJC consists of an even number of fibers 5, 6, 7, 8,

and 9 micrometers in length, each having an aspect ratio of 3 to 1. This assumption is

taken from the conventional industrial hygiene definition of an asbestos fiber which

describes a fiber as having a length greater than 5 gm, an aspect ratio greater than 3 to 1,

and a diameter less than 3 gm. To stay within these guidelines, fibers can only have the

five lengths listed above while also having a 3 to I aspect ratio. Below is a table which

shows the range of fiber lengths and diameters within the industrial hygiene definition of a

fiber.

Table 4-1: Particle Dimensions Which Fall Within Definition of a Fiber
FIBER LENGTH ASPECT RATIO DIAMETER

(u-m) (Unitless) (pm)
5 3:1 1.67
6 3:1 2.0
7 3:1 2.33
8 3:1 2.67
9 3:1 3.0
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The industrial hygiene definition of a fiber allows for a fiber to have an aspect ratio

greater than 3 to 1, however, to provide the most conservative estimate of exposure to

asbestos abatement workers, a 3 to I aspect ratio is assumed for all fibers within the

ACJC. This estimate is more conservative because a lower aspect ratio results in more

fibers per volume of ACJC. The following calculation is used to determine the volume of

a set of five fibers with the lengths and diameters listed in the above table. The calculated

volume can then be used in spreadsheet calculations to compute the total number of fibers

potentially released during demolition activities. This assumption was used due to a lack

of literature indicating the distribution of fiber lengths within the ACJC material. The

generic equation is as follows:

~ Fiber Length * n( Diameter) 2 / 4]

OR

1 [Fiber Length* ,n(Fiber Length! 3) / 4]

The calculation of the volume in cubic centimeters of the five fibers described

above is as follows:

(0.0005 cm * ((0.0005 cm/3)2/4) * n + (0.0006 cm * ((0.0006 cm/3) 2/4) * n +

(0.0007 cm *((0.0007 cm/3) 2/4) * 7 + (0.0008 cm * ((0.0008 cm/3)2/4) * n +

(0.0009 cm * ((0.0009 cm/3) 2/4) * x = 1.68 * 10-'cc

The above equation is simply the sum of the volumes of the different fibers. Note

that 5 gm is equivalent to 0.0005 cm. The first term represents the 0.0005 cm length

multiplied by the cross-sectional area of the fiber. This area is found by the equation for

4-5



the area of a circle, x * D2/4. The length of the fiber is divided by three to calculate the

diameter, this being required to obtain a 3 to I ratio.

M. Fraction of Sheetrock Pulverized: This column contains numbers in the range of

0.30 to 0.70. These numbers are obtained by a random computer generation of a uniform

distribution of numbers within this range. The numbers within this range indicate the

percentage of sheetrock that is pulverized during demolition. This column is identical for

all fiber per cubic centimeter calculations, as well as for all of the spreadsheets used in this

research. This enables a direct comparison of values from one set to another.

N. Air Exchange Rate (EPH): The air exchanges per hour fall within a range of 0.7 to

1.5 exchanges per hour. Again, the columr of numbers are computer generated using this

range and a uniform distribution. The air exchange rate column is identical for fiber per

cubic centimeter calculations, as well as for the additional spreadsheets.

0. Asbestos Content of 0. 10% , Fibers per cc: This calculation uses many of the

above variables to determine the number of fibers within any cubic centimeter of air within

the room during demolition. The calculation is as follows:

[%Asbestos in ACJC * Volume of ACJC (cc /fiber) * 5 Fibers per Set * Fraction Sheetrock Pulverized]

[ Fiber Volume (cc / fiber) * Demo Duration(hr) * Air Exchange Rate (Exchanges / hr) * Room Volume (cc)

= Number of Fibers per cc

or, numerically from the first line of the example spreadsheet

0.001 * 14534.4 cc ACJC * 5 fibers* 0.40
(1.68*10-1 cc / fiber) * (6.235 hrs) * (0.79 /hour) * (84,960,000cc) * (0.40)

= 404.0 Fibers per cc of Room Air
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P. Averages: The fiber counts are averaged in each column of the spreadsheets.

These averages represent the approximate exposure experienced by an asbestos

abatement worker in number of fibers per cubic centimeter of air. The actual spreadsheet

columns include 200 values which are averaged to approximate the possible exposure

episode.

These averaged values can be directly compared to the OSHA action level of I

fiber per cubic centimeter of air. A review of these numbers show an exceedance above

and beyond the OSHA action level by a factor of 100 to 1000.

JUSTIFICATION OF VARIABLE ASSUMPTIONS

Air Exchange Rate, Fiber Volume, Fraction of Sheetrock Pulverized, and Wall

Area variables were developed with assumptions that require further clarification. These

variables require further analysis to determine if their variation would substantially change

the model outcome.

As shown on Table 4-4, as well as in the spreadsheets contained in Appendix B,

the exposure calculations show that for all of the room sizes, exposures exceed the OSHA

action limit of 0.1 fiber per cubic centimeter of air. This outcome depends upon

assumptions which, if changed, could bring about a different conclusion. Therefore, to

ensure that the spreadsheets in the Appendix were calculated with adequately conservative

ranges for Air Exchange Rate, Fiber Volume, and Fraction of Sheetrock Pulverized

variables, Table 4-3 was prepared.
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Air Exchange Rate: Instead of using random variables for the air exchange rate

and percentage of pulverization, Section A of the table was calculated with the maximum

assumed air exchange rate of 1.5 exchanges per hour and the minimum pulverization

percentage of 30 percent. Maximizing the air exchange rate and minimizing the percent

pulverization, the outcome will represent the minimum exposure expected in the given

room dimensions. The largest of the room dimensions were used to maximize the volume

which contains the released asbestos fibers, therefore, providing the minimum exposure

concentration that might be expected.

The results in Section A of Table 4-3 show an exceedance of the OSHA 0.1 f/cc

action level for all ACJC asbestos content percentage levels. All of these spreadsheet

calculations result in possible airborne asbestos exposures which would dictate

containment procedures during abatement actions.

Fiber Volume: Table 4-3, Sections B and C, show spreadsheet calculations of the

extreme minimum and maximum values for Fiber Volume while still adhering to the

Industrial Hygienists definition of a fiber Instead of using the volume of a set of fibers

with lengths of 5, 6, 7, 8, and 9 micrometers, the spreadsheet is calculated twice, once

with the assumption that all fibers are 5g in length and once with all fibers being 9g in

length. The intent of this analysis is to show whether or not the spreadsheet outcome can

be changed simply by altering the assumptions concerning fiber size distributions. When a

fiber volume is used which assumes all fibers to be 5 micrometers in length, the number of

fibers available for release is maximized. The calculation involving the 9p fibers is used
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to show the other extreme, that being the minimum number of fibers present in the ACJC,

given that they a!! still fall under the industrial hygienists definition of a fiber.

All other variables are held constant in these two calculations. Out of all of the

room sizes that were used in the analysis model, the largest room size was used in this

calculation to maximize the volume with which the fibers may become disseminated.

Maximizing the air exchange rate and minimizing the percent pulverization results in the

lowest exposure expected for the given room dimensions.

As can be seen in Table 4-3, the variance of the Fiber Volume shows a large

change in fiber per cubic centimeter concentrations. This variation, however, does not

result in concentrations low enough to change the original outcome, that being the

exceedance of OSHA permissible exposure limits. The maximum ard minimum exposures

shown in Table 4-3 are 330.8 and 6.3 fibers per cc from the 5u and 9;1 calculations

respectively.

This analysis indicates that the Fiber Volume variable is not sensitive enough to

change the outcome of this research when considering fibers within the range of concern,

those between 5 and 9 micrometers in length with a 3 to I aspect ratio.

Fraction of Sheetrock Pulverized: The model assumes a range of 0.30 to 0.70 for

the fraction of sheetrock pulverization. Intuitively, these parameters may seem highly

conservative. The percent of sheetrock that becomes pulverized is dependent upon factors

such as the tools used, the speed of removal, the number of nails holdig the sheetrock in
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place, and the paint or wallpaper material covering the sheetrock surface. The percent

pulverization may vary greatly, and as such, a conservative range was used.

Section D of Table 4-3, was prepared for the purpose of showing the affect that a

change in this variable would have on the outcome of this research. Again, the air

exchange rate was left at 1.5 exchanges per hour to minimize the affect that this variable

might have on the computation of the exposure concentration. The largest room size was

used in this calculation to maximize the volume with which the fibers may become

disseminated, thus also minimizing the affect that room size might have the on calculation

of exposure concentration. This calculation also considers all fibers to be 9 pm in length,

thus also minimizing the impact that fiber size might have on the outcome of this

calculation.

As can be seen in Table 4-3, the lowest calculated exposure concentration was 1. 1

ffcc. This was calculated using a constant 5 percent pulverization, which is not

conservative when considering the potential for sheetrock destruction during removal.

The 1.1 f/cc result is still in excess of the 0.2 f/cc permissible exposure limit set by OSHA

standards.

This analysis indicates that the Fraction of Sheetrock Pulverization variable is not

sensitive enough to change the outcome of this research when considering fibers within

the range of concern, those between 5 and 9 micrometers in length with a 3 to 1 aspect

ratio.

Wall Area: Wall area was the only asbestos containing material considered in this

analysis. There does exist the possibility that ACJC might be present in ceiling materials
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as well. This model does not take these ceiling materials into account. The analysis of the

modeled exposure concentrations suggest that this would be a moot point, considering all

of the exposure results exceeded the OSHA PEL standards without ceiling material

consideration. If ceiling materials do contain asbestos, the exposure concentrations would

be greater, and thus there would be no change in the requirement for abating the material

under containment conditions.

GRAPHING SPREADSHEET OUTPUT

A complete set of spreadsheets can be found in the Appendix B of this text. Table

4-4 below contains the average for each column of data shown in each spreadsheet. The

averages can be found in the last line of each spreadsheet in Appendix B.

TABLE 4-4: AVERAGE FIBER COUNTS FROM SPREADSHEET CALCULATIONS

Room Size Percent Asbestos in ACJC
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

15'25*8 499 998 1497 1996 2495 2994 3493 3992 4491
20`25.8 374 748 1123 1497 1871 2245 2620 2994 3368
25`5*8 299 599 898 1197 1497 1796 2096 2395 2694

02548 249 499 748 998 1247 1497 1746 1996 2245
35'25*8 214 428 642 855 1069 1283 1497 1711 1925
4'25*8 187 374 561 748 938 1123 1310 1497 1884
45'25*8 166 333 499 665 832 998 1164 1331 1497
50*25*8 150 299 449 599 748 898 1048 1197 1347
6025*8 125 249 374 499 624 748 873 998 1123
LV25*8 107 214 321 428 535 642 748 855 962
125'258 60 120 180 239 299 359 419 479 539
200*25*8 37 75 112 150 187 225 262 299 337

The above averaged numbers are multiples of one another, from left to right in any

given row. This results from the linearity of the spreadsheet equations and from the

repetitive use of the computer generated random numbers in the first two columns of the
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spreadsheets. Due to the linearity of the above numbers, intermediate exposure

concentrations can be extrapolated from the above table.

The following page contains a graph of the data in Table 4-4. Again, the linearity

is obvious, but more importantly, the relationship between room size, exposure

concentration, and initial asbestos content of the ACM become more clear in a graphical

representation such as this.
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Asbestos Exposure: Room Size vs. ACJC Asbestos Content
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V. CONCLUSIONS AND RECOMMENDATIONS

EPA GUIDANCE

Since the spreadsheet calculations result in an overwhelming indication of the

possibility of the exceedance of the Permissible Exposure Limit (PEL), OSHA regulations

become binding. EPA rLeulations however, do not state any requirements for removal

actions involving materials with less than 1.0 percent asbestos. The regulations that an

employer must follow regarding material with an asbestos content of less than 1.0 percent

are related to worker health, and thus are dictated by the OSHA.

SUPPORT FOR OSHA GUIDANCE

The assumptions in this research are conservative, leading to a possible

interpretation that all ACJC abatement actions result in exposure levels above the OSHA

permissible exposure limit. The intent of this research was to show whether or not

exposures in excess of 0.2 f/cc were possible. Having shown that excessive exposure

episodes are possible, the protocol for the handling of ACJC abatement actions must be

addressed.

As indicated in Chapter 2, OSHA requires that every employer perform initial

monitoring of employees who are or may be exposed at or above the action level of 0.1

f/cc (Cherry, 1988:153). Once the PEL of 0.2 f/cc is reached, personal protective

equipment (PPE) is required to limit the exposure to a maximum of 0.1 f/cc per 29 CFR

Part 1926.58.

Since the action level was exceeded in spreadsheet calculations by factors of three

to five orders of magnitude, the following precautions are suggested as a measure to
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protect the health and safety of demolition workers. If objective testing data is acquired

which confirms the exceedance of the PEL, the following measures would become

mandatory under OSHA guidance found in 29 CFR Part 1926.58.

- Provide worker education and training concerning asbestos hazards

- Provide engineering controls where feasible

- Provide personal monitoring if exposure exceeds 0.1 f/cc

- Provide personal protective equipment if exposure exceeds 0.2 f/cc

- Post warning labels and signs

- Retain worker medical records for 30 years

- Provide changing rooms, showers, etc.

- Provide clean areas to eat, drink, etc.

RMGULATIONS TO FOLLOW: AVAILABLE OPTIONS

The intent of this research was to provide options which could be suggested for

implementation during ACJC removal operations. Minimum requirements must be

followed when demolition wallboard is identified as asbestos-containing. The following

Table summarizes the options available to the government. The most conservative option

is the adherence to OSHA regulatory guidelines.
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Table 5-1: ACJC REMOVAL OPTIONS

FOLLOW EPA FOLLOW OSHA FOLLOW EPA & DO NOTHING
GUIDANCE GUIDANCE OSHA GUIDANCE OPTION
Analyze material. If Analyze material for Analyze material for It would not be
material contains asbestos content. If asbestos content. If prudent to -do
greater than 1.0 any detectable level is any detectable level is nothing". Monitoring
percent asbestos by found throughout the found throughout the of airborne asbestos
area, continue material, initiate material, initiate should be
guidance below, monitoring monitoring. accomplished at a

minimum.

Notify EPA of removal At the time of this Notify EPA of removal If concentrations are
action if quantity writing, there are no action if quantity below test detection
affected is greater than OSHA reporting affected is greater than limits, demolish as
260 linear feet or 160 requirements for 260 linear feet or 160 normal non-asbestos
SF abatement projects SF debris.

Contain area if If exposure level If exposure level If monitoring indicates
asbestos content is reaches 0.1 f/cc the reaches 0.1 f/cc the an airborne
greater than 1.0 following must occur: following must occur: concentration greater
percent - Employee training - Employee training than 0. 1 f/cc, follow

- Medical surveillance - Medical surveillance OSHA guidance at a
minimum.

Dispose of ACM if Monitor air for Monitor air for
asbestos content concentrations greater concentrations greater
exceeds 1 percent than PEL of 0.2f/cc than PEL of 0.2f/cc

Dispose of all ACjC Dispose of all ACJC
material as asbestos material as asbestos
containing waste containing waste

Use warning labels Use warning labels
and signs where and signs where
applicable applicable

Retain medical records Retain medical records
for 10 years for 10 years
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MINIMIZING HEALTH RISKS

The minimization of health risk can only be ichieved if regulations are interpreted

and followed correctly. OSHA regulations are more stringent than those of the EPA,

specifically because they are in place to protect the health and safety of those persons who

experience exposure on a daily basis, the asbestos abatement and/or demolition work

force. It should be noted that the OSHA action and permissible exposure levels are

designed to be overly conservative until researchers are able to quantify a definitive health

risk associated with each form of asbestos as well as the hazards associated with different

levels of exposure. The action and permissible exposure levels may be changed in the

future if additional knowledge becomes available on the potential health risks associated

with airborne asbestos exposure.

Preventing exposure is the best way to minimize the adverse health effects

associated with ACJC removal. The best defense against the potential liabilities associated

with exposure and the subsequent health effects would be for the Air Force to adhere to

OSHA guidance when dealing with material containing any detectable level of asbestos.

ABATEMENT PROJECT PROTOCOL:

The results of spreadsheet calculations indicate a need to test for airborne asbestos in all

instances where materials containing asbestos are going to become friable. The following

Figure shows the suggested protocol for the management of such projects.

5-4



FIGURE: 5-1 Flow Chart for Determination of Abatement Protocol

S Identify Demolition
or Renovation ProjectI
Collect Bulk Samples

of ACJC Materials on WorksiteI
Send Samples to lab

Capable of EPAIOSHA
Reference Method

Analysis (40CFR Part 763)

j Results Come Bac7k] Results Indicate Asbestos JResults Indicate Asbestos1
Negative Content Between 0.01 and Content Greater than 1.0

0.99 Percent Percent

Retain Resutls J[ Retain Results j- Retain Results JT I I

Matenial is Non-Asbestos Material is in Gray Area I M aterail is Asbestos- 1
Containing of Regulations. Follow Containing. Follow both EPA

OSHA Guidance and OSHA Regs J
i - - I ,.I

No Containment or Accomplish Air Monitoring jArMntrn sRqie
Monitoring Required During All Demolition per 29 CFR 1926.58

Activities

AiJr Monitoring Indiats Air Monitoring Indicates Monitoring, Containment and1
Les than 0.1 f/cc Greater than 0.1 f/cc PPE are Required per OSHA

and EPA Regulations j

Continue Monitoring Efforts Containment and PPE are
per 29 CFR 1926.58 to Required to Keep Exposure
Ensure Exposure Stays Below 0.2 f/cc

Below 0.1 f/c

5-5



The collection of bulk samples is a critical step in the process of identifying ACJC.

When samples are collected, every effort must be made to collect samples which reflect

the wall system as a whole. Bulk samples should be collected at the intersection of two

sheetrock boards. ACJC, if applied to the wall, will be thickest at these joints. Since

ACJC is applied over most of the surface area of the wallboard, most samples will include

a small amount of ACJC. During laboratory examination, analysis methods are used to

identify the different components of the wall material, thus a discrete analysis of the

specific component can be achieved.

RENOVATION vs. DEMOLITION

This research provides no reason to treat demolition and renovation projects

differently if work is performed manually. McClellan Air Force Base, the installation

applying the most stringent protocol, treats demolition and renovation projects separately.

This is done because the demolition of facilities is not accomplished by hand, but is

performed externally, such as by bull dozer. Although this interpretation may adequately

protect the demolition workers because they are not enclosed in a room with contaminated

air, further studies should be accomplished to determine if ambient air currents are able to

adequately dissipate airborne asbestos concentrations emanating from exposed demolition

debris.

Until further research is accomplished, OSHA regulations should apply to all

manual demolition projects. The manager of a mechanical demolition project (bull dozer)

would be well advised to provide personal air monitoring for those workers in the

immediate area of potential release.
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LEGAL RESPONSIBILITIES /LIABLITIES

Tens of thousands of workers have submitted asbestos-related worker's

compensation claims and tort suits resulting in companies and/or their insurers spending

hundreds of millions of dollars defending and settling these claims. The science that links

asbestos exposure to cancer is quite clear, however, there is little knowledge regarding the

affect that differing types of asbestos or differing levels of duration and exposure have on

the production of a cancerous event.

OSHA has set the permissible exposure limit at 0.2 f/cc, however, this is much

lower than some naturally occurring ambient levels. OSHA has set this limit at a level

which conservatively protects abatement workers, but this level may end up being

considered overly conservative if and when the overall carcinogenic effects of asbestos are

fully understood.

The Air Force must follow the regulatory guidance set forth by agencies such as

OSHA and the EPA, however, many regulations require substantial interpretation. In the

case of ACJC abatement, the Air Force would limit its potential liability if it would follow

the guidance of OSHA for all potentially friable materials which contain any level of

asbestos. The following of these guidelines would include those stipulated in Table 5.2, as

well as all guidance found in 29 CFR 1926.58. Specifically, the Air Force should provide

personal air monitoring whenever an ACM is abated without containment and PPE. These

efforts should be terminated when enough data has been collected to indicate that the

ACM in question does not present an exposure hazard during removal.
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Air Force liability may be substantial, potentially in the tens of millions of dollars, if

abatement workers experience asbestos related illnesses sometime in the future. It is not

within the scope of this thesis to quantify the potential liability costs, but the current

regulatory direction is creating the potential for more stringent legislation, ultimately

raising the potential associative costs in the future. EPA asbestos regulations concerning

notification, work practices, and disposal requirements are contained in the NESHAPs

under the Clean Air Act. The EPA has promulgated changes to the NESHAPs which

make both a landfill owner/operator and the generator liable for violations under the

NESHAP requirements (Arbuckle, 1993:410). In addition, the EPA has indicated that it

will eventually impose more stringent demolition and renovation requirements at some

point in the future.

In regards to liability, it is important to note that an employer can be held liable for

latent health effects, even when the employer was following acceptable work practices at

the time of exposure. Work practices that are acceptable today may not be acceptable at a

point in time when the health effects of asbestos are better understood. There is a

multitude of litigation cases which indicate that liability be minimized, but total elimination

of liability is unlikely if not impossible.

It is beyond the scope of this thesis to summarize the hundreds of past and pending

lawsuits. The reader is directed to Asbestos Abatement: Risks and Responsibilities (BNA,

1987) for further information.
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CONCLUSION

Based upon this research, it is recommended that the Air Force continue to

actively identify asbestos containing materials in installation facilities. When wall systems

are identified as asbestos-containing, demolition of the associated material should be

accomplished with a strict air monitoring protocol. If the ACJC has a level less than 1.0

percent asbestos, personal air monitoring should be accomplished to ensure that workers

are not exposed to levels which exceed the OSHA PEL. If personal monitoring indicates

an asbestos concentration that reaches 0.1 f/cc, OSHA regulations become binding and the

ensuing guidance from that point becomes relatively straight forward with little

interpretation being required. The following bullets summarize the major steps which the

Air Force should follow to minimize the future potential liabilities regarding abatement

projects:

"* Continue to Identify ACM's in al' AF Facilities

" Provide Personal Monitoring for Workers Who Demolish Materials whose
Asbestos Content is Greater than 0. 1 Percent. Continue until data supports a
determination that PEL's are not exceedable

" If Personal Monitoring indicates an Exposure Greater than 0. 1 f/cc, Require
Containment and use of PPE

" If Exposure Levels Remain Below 0.1 f/cc, Continue Monitoring with no
Containment or PPE Required

The Air Force should follow the expanded protocol as descir 9" i Table 5-4 below.
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FIGURE 5-2: PROPOSED DECISION TREE FOR ACJC ABATEMENT
ACTIVITIES

Identify Demolition
or Renovation ProjectI

ReCollect Bulk Samples R
of AcJC Materrais on WorkesteI

S Send Samples to lab

Capable of EPA/OSHA
Reference Method

Analysis (40CFR Part 763)

Aesl r MonitoRing lt Indicates AirbMontoringult Indicate ses Mntng o taomst

Negative Content Between 0.01 and Content Greater than 1.0
0.99 PrcentPercent!! .9Pecn I I

T I I
Containing of Regulations. Follow Containing. Follow both EPA

OSHA Guidance and OSHA Regs

No Contimntnu Mo nitorping E Airt Conitarinmen and PPEtoin areeuie

Monitoring Required During All Demolition per 29 CFR 1926.58
Activities

r I I

Less than 0. 1 flcGreater than 0.1/c PPE wre Required per OSHA|
I_! and EPA Regulations

Continue Monitoring Efforts Containment and PPE are

per 29 CFR 1926.58 to I Required to Keep Exposure

Ensure Exposure Stays Below 0.2 f/cc
Below 0.1 f/cc
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RECOMMENDATIONS FOR FUTURE RESEARCH

This research was conducted with many assumptions which are identified in

Chapter 3 of this text. These assumptions produced very conservative estimates of the

potential exposure to airborne asbestos fibers during demolition activities. The following

is a list of areas which might be improved, thus providing a more precise model of actual

exposure episodes.

1. Refine the "Standard Fiber Volume" used in the model: This variable represents the

volume of a set of fibers 5, 6, 7, 8, and 9 micrometers in length. Further research

might indicate the distribution of these fiber sizes within a given asbestos fiber matrix.

If the fiber size distributions were clarified, the resulting change in volume calculation

could have a large impact on the overall outcome of exposure level calculations.

2. Actual air monitoring of ACJC demolitions: A controlled experiment during ACJC

abatement to measure the actual levels of airborne asbestos during demolition work

would be invaluable to the validation of this model. The design and construction of a

fixed volume containment chamber might aid in the monitoring of such a project. A

fixed volume of ACJC might be pulverized in a fixed volume, thus providing a source

for discrete air samples.

3. Refine "Air Exchange Rate": The air exchange rate range used in spreadsheet

calculations would change given differing room configurations. If more windows

and/or doors were considered in the airflow assumption, asbestos concentration build-

up would likely be impacted. The degree to which a change in airflow might impact
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actual exposure concentrations is not clear, but this might be clarified with additional

research.
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GLOSSARY OF TERMS AND ACRONYMS

ABATEMENT Lessening the hazard of asbestos. Includes encapsulation,
enclosure, repair, and removal of asbestos.

ACTION LEVEL An OSHA limit of 0.1 asbestos fibers per cubic centimeter of air
over and 8 hour period. At the action level, workers must have
training and medical exams.

AHERA The Asbestos Hazard Emergency Response Act. The EPA law
which covers asbestos in schools.

AREA AIR An air sample taken from one spot in a room. It is not good for
SAMPLE measuring how much asbestos is in a room during work

performance.

ASBESTOS A natural mineral used for insulation in many buildings. Asbestos
breaks into fibers, causing lung cancer when inhaled as well as
other diseases.

ASBESTOS Any material which contains asbestos fibers in a concentration
CONTAINING higher than one percent.
MATERIAL (ACM)

ASBESTOSIS A disease caused by asbestos. It is the scarring of the lungs, also
known as white-lung.

BULK SAMPLE A piece of material which is sent to a lab for analysis for asbestos
content.

CANCER A large group of diseases where cells grow abnormally, rapidly and
out of control.

CLEAN ROOM The last room in a decontamination structure used for abatement
activities. Clean suits, respirators and street cloths are stored here.

CLEARANCE AIR An area air sample taken at the end of the abatement project. It is
SAMPLE used to determine that the room is clean enough to occupy without

a respirator.
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CONTAINMENT Isolating a work area from the rest of a building or structure.
Usually accomplished by putting polyethylene sheets of plastic on
the walls and floors of a room which has a negative air machine
attached. The negative air machine filters asbestos fibers, thus
keeping fibers from migrating outside work area.

ENCAPSULATE To cover asbestos with a sticky paint-like substance, thus
controlling the release of asbestos fibers from the asbestos
containing material.

ENERGY A technique where X-rays are emitted from interactions between
DISPERSIVE X- an electron beam and asbestos fibers. This interaction is analyzed
RAY ANALYSIS to determine asbestos content.
(EDXA)

ENVIRONMENTAL An agency of the United States Government having the task of
PROTECTION protecting the environment.
AGENCY (EPA)

EXPOSURE The result of a person being exposed to air which contains airborne
asbestos fibers.

FIBER PER CC Fibers per cubic centimeter of air. The standard way that asbestos
(fcc) airborne concentrations are measured.

FIBER A single strand or particle of asbesto;.

FIBROSIS A disease where scar tissue is formed in the connective tissue of
the lungs.

FRIABLE A substance is friable if: when dry, can be crumbled, pulverized, or
reduced to powder by hand pressure.

INDUSTRIAL A scientist who studies the control of workplace health and safety
HYGIENIST hazards.

MESOTHELIOMA A disease caused by asbestos. A cancer of the lining of the lungs,
stomach, or digestive system.

MSHA Mine Safety and Health Administration. An agency of the United
States Government which approves respirators for use.
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NESHAP National Emission Standards for Hazardous Air Pollutants. The
EPA regulation that contains asbestos regulations.

NIOSH National Institute for Occupational Health and Safety A United
States agency that researches worker health and safety and
recommends regulation changes to OSHA.

OSHA Occupational Health and Safety Administration. An agency of the
United States Government which develops and enforces worker
health and safety regulations on the jobsite.

PHASE CONTRAST The analysis method used to count asbestos fibers submitted to a
MICROSCOPY lab from personal air samples. PCM is sometimes also used for the
(PCM) analysis of area samples.

PERMISSIBLE The OSHA standard of 0.2 f/cc of air averaged over an 8 hour
EXPOSURE LIMIT time period.
(PEL)

PERSONAL AIR A sample taken in a worker's breathing area. This is an accurate
SAMPLE measure of exposure to an individual.

PLEURA A double layer of lining in the human chest which covers the lungs
and inside of the rib cage.

RESPIRATOR A face mask used to protect a worker from exposure to airborne
asbestos fibers by way of filtration of inhaled air.

SELECTIVE AREA A technique for the analysis of electron diffraction patterns created
ELECTRON by interactions between an electron beam and asbestos fibers. This
DIFFRACTION analysis method is used to quantify asbestos within a test material.
(SAED)

SURFACTANT A chemical added to water to lower the surface tension. This
allows the solution soak into asbestos material faster.

TRANSMISSION The analysis method of choice, having better specificity for
ELECTRON asbestos fibers than other analysis methods.
MICROSCOPY
(TEM)
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SPREAW ETl FOR CALCULATONC OF AIRBORE ASBESTOS FOR ROOM 15' * 256' f. FOR VAR)OUS
CONCENTRATIONS (0.1 to 0.9%) OF ASBESTOS FIERS IN ACJC.
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0.14 0.79 414`0 85,0 1212.1 1616.1 2M 1 24241* 2M2.2 3232.2 36U62
0.68 1.23 37&4 748.8 1123.2 1497.6 1871.9 224623 2620.7 299.1 3369.5
0.62 0.88 567.9 1139 17M.8 2271.8 28W.7 3407.6 3975.6 45413.5 5111.5
0.62 136 366,6 733.0 1099,4 1466.9 1832.4 216.9 256.4 2931.9 32983
0.83 0.74 893.5 1787.1 2610.6 3574.2 4467.7 5361,2 6264.8 7148.3 810419
0.48 0.86 U. 9 8838 1325.6 1767.5 2209.4 26513 309302 336.0 3976.9

0.43 0.76 40.2 900.4 1360,7 It8.9 2251.I 2701.3 3151.5 3601,7 40620
0.61 1.10 438.0 875.9 1313.9 1751.9 2189.8 2627,8 3066.8 3,M 7 3941 7
0.64 1.17 433.3 866.6 1299.9 1733.2 2166.5 2599.8 3033. I 34661 39997
0.61 010 613.6 1227.2 180.7 2464.3 3067.9 368165 4295.1 49M.6 56222
0.9D 1.35 503 1060.7 15910 2121.4 2661.7 3182.1 3712.4 4242.7 4773.1
0.86 0.99 690.1 1310.2 2070.3 2760.4 3450.6 4 .6 40. 6 %620.8 62109
0.43 1.43 239.5 479.0 718.5 9.1 1197.6 1437,1 1676.6 19161 2156.6
0.50 0.74 51.6 1087.1 1630,7 2174.2 2717.8 3261.4 3184.9 43.5 4892.0
0.76 1.22 496.1 992.2 14882 1984.3 240.4 297665 3472.5 98.6 44647
0.73 0.84 68485 1369.0 2053.5 2738.0 3422.4 4106.9 4791.4 54759 6160.4
0.40 0.72 447.6 89.2 13412.8 170.4 2238.0 2686.6 3133.2 3510.8 40281
0.66 0.96 452.8 905.6 135083 1811.1 2263.9 2716.7 3169.4 3622.2 4075.0
0.66 1.48 320.6 641.3 961.9 1282.6 160322 1923.8 224415 2566.1 2886.7
0.48 7.0, 364.0 07.9 1061.9 1415.9 1769.8 2123,8 2477.8 26317 3186.7
0.69 1.21 452.4 904.8 1357.2 1809.6 2262.0 2714.4 3166.8 36192 40716
0.84 1.16 571.6 1143.2 1714.7 2286.3 2867.9 3429.5 4001,0 4572.6 5144.2
0.89 1,46 48.2 976.4 1464.6 1952.8 2441.0 29292 341774 3905.6 4393.8
0.58 1.07 427.8 8M66 1283.4 1711.1 2138.9 266.7 2994.5 3422.3 38601
0.59 1,12 333,3 6667 10730.0 1323.4 1666.7 20M3. 2333.4 2666.7 3000A
0.67 1.14 467.6 935.2 174.8 1870.6 2338.1 2B03.7 3273.3 37409 42085
0.86 1I'l 607.7 1215.4 1823. I 2430.8 3038.5 36462 425339 4861.6 ,4693

0.49 0.78 502.9 100.68 7506.6 2011.5 2514.4 3017.3 357. 1 4023.0 4525.9
0.66 1.37 377.3 764.5 1131.8 1509.0 1886.3 2263.5 264D.8 3018.0 3396,3
0.83 1.49 446.4 898 1336.2 1781,6 2226.9 2672.3 3117.7 35663,7 40085
0.77 1.01 606.5 1213.1 1819.6 2426.2 3032.7 36393 4246,8 48623 5468.9
0.81 0.83 772.9 1545.7 2318.6 3091.5 38664.3 4637.2 6410.1 6182.9 69658
0.12 1.25 264.4 6287 793.1 1067.6 1321.8 7586.2 750.6 2114.9 23793
0.88 1.24 566,9 7131.7 1697.6 2263.5 2829.3 3396.2 3961.1 4526.9 50928
0.48 0.80 474.3 948.6 1422.9 1897.2 2371.4 28467 3320.0 379413 4268.6

0.42 1.37 241.6 482,9 72414 966.9 1207.3 1448.8 16902 1931.7 2173.2
0.52 0.74 $5660 1112.0 1668.0 2224.0 2710.0 33360 3892.0 4448.0 58040
0.44 0.91 388.5 777,0 1166.4 7563,9 1942.4 2330.9 2719.3 3107.8 34963
0.88 0.50 8109 1761.7 2642.6 323 4443 52865.1 6166.0 7046.8 79277
0.42 1.06 317.4 634.8 952.1 1269.5 1586.9 104.3 2221.6 2539.0 295614
0.84 43 69.8 939.6 1409.5 1879.3 2349.7 2818.9 328.88 37686 42284

0.84 0.77 871.0 1741.9 2612.9 3483.9 4354.8 5225.8 6806.8 6967.7 78387
0.72 7,30 447.6 37.1 1324.7 1766.3 2207.8 2649.4 3091.0 3532.6 3974.1
0.77 0.8D 768.2 1536.3 2304.5 3072.6 384.8 4609.0 537771 6145.3 6913.5
0.88 120 58871 1176.2 1764.4 2352.5 2948.6 32087 4116.9 4705.0 293 I
0.50 120 3M09 661.8 992.7 1323.6 1664.4 1986.3 2316.2 2647.1 2978,0
0.87 1.27 6486 10970 1645.6 2194.1 27436 3291.1 3829.7 43882 4936.7

0.59 1.47 321.7 643.5 965.2 1286.9 160.66 1930.4 2252.1 2573.8 28955
0.63 1.33 378.8 757.7 1136.5 1515.4 1894.2 2273.0 2651.9 3030.7 34D9.5
0.44 1.23 277.5 564.9 832.4 1109.8 1387.3 16647 1942.2 2219.6 2497.1
0.45 1.46 246.4 492.8 739.2 986.6 1231.9 1478.3 1724.7 1971.1 2217.5
0.77 0.96 647.1 1294.1 1941.2 2588.2 32353 382.4 4529.4 51765 5823.6
0.53 0,83 580.3 1016.6 1524.8 203.3.1 2541.4 3049.7 368.0 80,62 457465
0.86 0.80 8147.5 16960 2562.5 339.0 4237.6 5M00 5932.5 67100 76275
0.62 0.96 069 1017.9 1526.8 203537 26.7 30636 3562.5 4071.5 4604
0.82 0.73 886.7 1773.4 2660.1 3546.7 4433.4 5320.1 6206.8 703.5 79852
0.89 1.12 629.7 1259.5 1889.2 2519.0 3145.7 3778.5 44M.2 5037.9 5667.7
0.58 0.75 611.4 1222.7 1834.1 2446.5 3066.9 36682 4279.6 41.0 55,02 3
0.82 7.0, 620.2 1248.3 1860.5 2410.7 310D.9 3721.0 4341.2 4961 %6876

0.41 0.73 4477 894.2 1341.3 1788.3 2235.4 2682.5 3129.6 3676.7 48238
0.76 1.21 49.89 997.8 1496.7 1996.6 2494.5 293.4 3492.3 39912 44101
0.84 1.01 662.7 1325.3 198.0 2660.6 3313.3 3976.0 4638.6 53013 5963.9
0.42 1.2 267.3 534.7 802.0 1069.4 1336.7 1604.1 187174 2138.8 24D6 I
0.87 0.81 866.1 1712.2 23683 342414 4280.6 5136.7 59928 688.9 77050
0.69 0.88 625.1 1250.3 1875.4 25M06 3125.7 3750.8 43760 500171 66263
0.77 1.27 484.2 9686 1452.7 1936.9 2421.2 290 4 338.6 3873.9 43581
0.43 0.86 A07. 807M1 1200.2 160D.3 203 2410 20004 32065 360.6
0.78 1.17 526.2 10685 1587.7 2116.9 2646.1 3175.4 37046 12338 47631
0.83 0.78 844.7 1689.4 2534.1 3378.9 42236 50683 5913.0 67677 76024

0.48 0.98 390.7 781.3 1172.0 1562.6 1953.3 2343.9 2734.6 312572 35159
0.76 1.09 564.1 1106,2 1662,4 2216.5 2770.6 3324.7 36789 44330 487 7
0.57 0.89 501.0 70780 1527.0 2036,0 254.0 3064.0 3563.0 4872.0 458170
0.81 1.03 626.8 1251.6 18773 2807 31289 37547 40. 5W6.3 66320
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0.09 age 536)1 10722 408,3 2144.4 260)5 32)6.6 3752 7 4288.8 46249
0.71 0.99 5689 1137 8 1706.7 22756 27445 34)34 39623 4W, 3 512302

0.64 1.48 342.0 664.0 1026.0 13680 I 10.0 206520 23940 27360 30780
0.76 1.39 4354 870.7 30.1 1741)5 2)768 26)22 30475 34829 39183
0.68 0.74 733.6 1467.3 227.9 2934.6 36482 4409 5135.5 58692 66028
0.60 0.832 5M2 11704 175566 23490.8 2926.0 36))12 46 4 4681 6 52669
0.8) 1 25 513,5 027.0 I1.5 200. )0 257.5 3081.0 2945 4100.0 4621.5
0.52 136 3302 60.4 990.6 320.7 14609 19)1 ) 23113 26415 2971 7
0.47 1.41 266 530.2 795,4 1060.5 1325.6 159.7 18568 21M09 2386 I
0.96 1.46 490.6 91)3 1471.9 1962 5 245391 2943.8 34344 39250 44157
0.42 1,21 2780 556.0 834.1 112.1 1390. 1668. ) 19462 22242 25022
0,82 0.91 716.5 1433.0 2)49.4 2866.9 3582.4 42989 50)5.4 573)8 64483
0.74 1.3 4973 914.6 1371.9 1829.2 2286.5 27438 3201 1 365 4 4115 7

0.87 10,9 6340 12679 19019 2535.9 31699 328 44378 50718 57057
047 1.30 2660 571.9 8657.9 114.9 1429.8 1715.8 201 8 2267 7 2573 7
0.49 1.35 288.5 577. 866.6 11541 1442.7 17312 20197 230).2 2598.8
0.86 0.91 7526 1S0.3 2257.9 3010.6 3763.2 4)15.8 5268.5 6021 ) 6773 7
0.47 1.44 258.7 517.4 776.1 1034.8 12936 15523 18110 20697 23284
0.6) 1.15 4022 840) 1260.7 1681.0 21012 25214 2941 7 33619 37822
0.64 0.82 6)7.2 1234.5 18517 2466.9 30862 37024 43207 4937.9 555 I
0.44 0.ft 40.8 821.5 1232.3 1643,0 2%3.8 2864.5 2875.3 3286) 36958
0.46 0.97 38D.5 761.1 1141.6 1522.2 1902.7 2283.2 2663.8 30443 34248
0.66 1.49 368.7 737.5 1)06.2 1474.9 1843.6 2212.4 2581 I 29498 3318.5
0.87 1.07 647.4 12947 1942.) 2588.4 326.8 3884)1 45315 51788 58262
0.83 1.36 4970 974 1461.) 1946.2 243562 29222 34M93 3893 4383 4

0.85 1.10 617.5 1234.9 852.4 24698. 3087.3 3704 7 43222 4.-96 56571

0.)1 1.04 392.0 183.9 1)75.9 1567.9 19598 2351.8 2743 7 31357 3)27 7
0.41 1.33 2457 4914 737.1 982.8 1228.5 1474.2 17199 19656 22113
0.77 1.44 4233 846.7 1270.0 1693.4 21167 254.0 29634 3386 7 3810)
0.7) 0.93 607.4 124.8 1822.2 2429.6 3037.0 3644.4 4251.8 48592 54666
0.56 1.40 311,7 62325 935.2 1246.9 1558.7 16704 21822 2493.9 2 6
0.66 1.18 442.9 8868 1328.7 1771.6 22146 2657.5 310D.4 3543,3 39862
0.96 1.42 490.3 9006 1351.0 1801.3 2251)6 270179 3)522 360 6 4052.9

0.74 1 02 575.6 1151.2 1726.9 2302.5 2978) 3453.7 40293 46049 51906
0.73 1.38 422.2 844.3 1266.5 1688.6 21108 2532.9 29551 3377.2 37994
0.79 1.19 5300 1060.0 1589.9 21199 26499 3179.9 3709,8 42398 47698
0.43 1.18 268.3 5766 8649 1)532 144h14 1729.7 20180 2306.3 25946
0.61 1.27 3830 76680 1148.9 152319 1914.9 2297.9 2680, 30638 3446.8
0.88 1.38 507.6 10)53 15229 2030.6 2538.2 3045.8 3553_1 4D61 I 45687
0.54 0.93 460.9 921.8 1382.7 1843.7 2304.6 2765.5 32264 36873 41)42
0.58 1.46 3168 633,5 950.3 12671 15839 190D.6 22174 25342 2850 9

0.44 0.73 4799 959.8 1439.7 1919.6 2399.4 2879.3 33)92 3839 I 4319 0
0.60 0.84 564ý5 1126.9 1693.4 22578 2822.3 3386.7 39512 45156 50801
0.56 0. 76 5754 1150.8 1726.1 2301)5 2876.9 34523 4D27.6 46030 5178 4
0.78 0.95 665.0 1310.1 196561 2620.2 3275.2 3930.3 4)8)3 5240.4 58954
0.47 1.21 310.0 620.1 930). 1240.2 1560.2 18W.3 2)70.3 24804 27904

0.50 1.11 354.9 7098 1064 6 1419.5 1774.4 2129.3 2484.1 28390 31939
0.65 1.46 354.2 708.3 1062.5 14166 1770.8 2)25.0 2479.) 29333 31875
0.75 0.74 8010 1602 24031 3204M2 400.2 466.3 5607,3 6408.4 72094
0.78 0.82 759.4 15)8.8 2278.2 3037,6 3797.0 456.4 5315.8 60753 68347
0.42 0.93 362,2 724.4 1086.6 14487 18109 2173.1 2535.3 2897.5 32597
0.84 0.87 768. 1537.5 2063 3075.0 3843.8 46)2.5 53813 61500 69188
0.64 0.84 606.6 1213.2 1819,8 2426.6 3033.1 3639.7 4246.3 48529 5459.5

0.61 0.95 5113 1022.6 1533.9 204592 2556. 3067.8 3579) 4096.3 116
0.77 ,.1) 534.8 1067 16045 2)39.4 2674.2 3309.0 37439 42787 48136
0.84 0.85 783.7 15674 2351.0 3)347 3918.4 47021 5485.8 62694 7)231
0.82 1.03 629.4 12588 1888.3 2517.7 3147.1 3276.5 44060 503U 4 56648

0.61 0.87 555.5 111)0 1666.5 2222.0 2777.5 3333.1 3888.6 4444.1 4999.6
0.56 1.10 400.2 8004 200.6 160.8 20010 2401)2 2891 5 32017 36019
0.51 1.29 312.9 625.9 938.8 1251.8 1564.7 1877.6 2190.6 25035 29164
0.80 1.37 466.7 933.4 1400.2 1866.9 2333.6 28W0.3 3267.0 37338 420015

0.62 0.99 496.7 993.4 149).I 1968 2483.5 2996 ' 3476.8 3973.5 44702
0.85 0.86 789.3 1578.6 2367.9 31572 39465 47357 55250 &37143 71036

0.49 0.86 457.9 915.7 1373.6 18314 2289.3 2747.1 32050 36628 41307
0.72 0.74 773.8 1547.6 22).4 30952 38M8.9 4642.7 54)6.5 61)03 6964.1
0.80 1.00 633.7 1267.5 192 2535 0 31687 3902.4 44362 50699 57037

0.77 1.30 470.9 941.7 1412.6 1883.4 23543 29252 32960 37669 42377

0.42 1.31 2580 515.9 773.9 1031.9 1289.9 15478 1858 20638 23218
0.50 095 4220 84.0 1266.9 1687,9 2109.9 2531.9 2953.8 3375.8 37978
067 1,15 464.5 92'90 13935 186.0 2322.5 2787.0 32515 37160 41605

0.66 1.31 393.4 7868 1180.3 1573.7 19671 2360.5 275,3.9 31474 3540.8
0.C,4 1.36 2606 521 2 781.8 1042.4 1302.9 1563.5 18241 20847 23453

062 1.18 418.9 8378 1256.6 1675.5 2094.4 2513.3 2932.2 3351.0 3769.9
096 0.78 9300 1840.0 2759.9 3679.9 4599.9 519.9 5439.9 73598 82798
049 127 283.7 567.5 851.2 11349 1418.7 17024 1956.1 22699 25636
0.47 0.96 414.6 829.) 1243.7 1658.2 2072.8 2487.3 29019 33164 3731,0
0.57 1.32 344.5 689.0 1033.6 1378.1 1722.6 2067.; 24)16 276%2 3)00.7
0.43 0.91 3734 746.9 11203 1493.8 18672 2240.7 264 1 29975 33610
0.73 1 14 510.1 10201 153.2 2040.2 2W503 3M60.3 35704 4M.4 45995
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koefto o All wt.Mg Fa Alb Ca0mvFa Alb Cafn ýAl C4,• 0Mon Fm lbCd@ a Alb Cwfn P •Ab Contj•,FaAlbClm :oAmbCa ",Fa Alb, Conft"

qi . f"ON .0.10L 010.M ol0.V. ot.~ ciOF 1--Q (OAM49 (.A 0 70L~ fi. Oci .19D8
KAV•Wo Qo 86un ol ci of, nbwo ot Numci of K8 c ot Km10 .o N96,t80 co* 04 D of L 0, 0O4

08sm pw 486. pw Ito. pw Ibmnpw Ibm. p. Ito. pw 08., ow Fto P. .b p.

0.45 0.94 376.6 753.2 1129.9 M6.5 1853A 22697 26364 3013.0 33896
0.49 087 451.7 903.4 136I.1 826.8 2256.6 2710,3 3102.0 36137 40664
0.76 0.96 636.2 1270.4 1905.6 264.8 3176.1 311.3 4046.5 5%17 57169
0.S9 0.82 6722 1144.4 1716.7 22.9 26611 3433.3 4100.6 45776 56500
0.49 1.48 264.4 5.9 793.3 10578 13222 156.6 1861 1 21155 23800
0.48O 1, 3216 643.1 964.6 1286.2 16077 19293 2250.8 26723 28939
0.46 1.02 36•.7 71I.4 1076. I 1434.8 1793.4 21521 2610.8 2696 323 2
0.46 1.21 293.5 587.0 a4.5 1174.0 14675 1761.0 2054,6 2341 26416
0.68 1.14 475.9 951.8 1427.7 1903.7 23796 26665 33314 34973 42632
0.59 1.22 34104 7603 1141 1 16215 1901.8 2282.2 266W6 30429 34233
0.77 0.96 6426 1286.2 19278 2570.4 32130 38667 4498.3 51409 57835
0.61 1.04 406.5 931.0 1396.5 1862A 2327.6 2793 ) 32686 37241 41896
0.87 0.82 847.4 1694.8 264232 338.6 42370 54.4 5931)8 67792 76266
0.63 102 493.8 97.5 14013 1975.0 24688 2962.5 34663 39501 44438
0.79 0.87 722.2 1444.4 2166.6 2M8.8 36110 43332 5066.4 5777.6 64898
0.41 1.47 222.7 446.4 668.1 890. I 1113.5 1336.3 15690 17817 20044
0.86 0.76 893.8 1787.6 2681.4 3575.2 44691 53629 6266,7 71505 80443
063 1.07 471.4 9428 1414.2 1886,6 2357.0 2 .823 32997 3771 1 42425
0.69 0.91 597.3 11946 1791.9 2389,2 2W6,5 3583.8 4181 1 4778.4 53757
0.47 0.70 536.8 1073.6 1610.4 2147.3 284. I 3220.9 3757 7 4294.5 4&313
0.66 1.25 416.0 6319 12479 1663.9 3379.8 24968 29118 3327. 3743 7
0.57 0.99 469.5 919.1 1378.6 1&38,2 2297.7 2757.2 3216.8 3676.3 41359
0.43 1.Z6 323.7 647.3 971,0 1294.6 1618,3 19420 2266.6 258 3 29130
0.78 1.03 604.1 12M.2 1812.3 2416,4 3020.5 3624.6 4228.7 48328 54369
0.84 1.18 571. I 1142.1 1713,2 2264,2 286.3 3426.4 39974 468.5 b139 5
0.41 0.87 374.0 745.1 1122.1 1496. I 1870.2 22442 2618.3 29923 33663
0.42 0.846 3.1 77682 1164.4 16525 1940.6 2322.7 2716.8 3109.0 34931
0.66 0.88 502.5 1186.1 17776 2370.2 2962.7 356%3 41478 474D.4 53329
0.70 0.75 733.8 1467,5 2201.3 2935.1 3668.8 4402.6 51364 5870.1 66039
0.98 1.14 613.7 12271 1841.2 2454.9 30687 3682.4 4296.2 493 9 56236
0.54 0.96 446.6 891.3 13369 1782.5 222.2 2673.8 31194 3566.1 40107
0.86 0.83 8337 16673 2501.0 3334.6 4168,3 502.0 5835.6 6669.3 75029
0.42 0.86 38.6 779.2 1168.8 1568.3 1947.9 23375 2727.1 31167 3506.3
0.59 1.50 3144 628.8 943&1 1257.5 1571.9 1886.3 220D.7 2615.0 28294
0.51 1.37 296.6 593.2 889.7 1186.3 1432.9 1779.5 2076.1 2372.7 26692
0.87 0.79 875.1 17501 262562 300.3 4375.3 52504 6125.4 703.5 78756
0.46 142 258.6 517,2 775.8 1034.5 1293.1 15617 1810.3 2068.9 2327.5
0.46 1.01 362.5 725.0 1067.5 W00 1812.5 2175.0 2637.6 290D. I 32626

Av.magm: 499 998 1497 1996 2496 2994 3493 1 392 4491
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SPREAD6HEET FOR CALCULATION OF AIRBORNE ASBESTOS FOR ROOM 2Y * 25- 8, FOR VARIOUS

CONCENTRATIONS (0.1 to 0.9%) OF ASBESTOS FIBERS IN ACJC.

INPUT VARIABLES CALCULATONS FROM INPUT VAR•A&BLES
26 m-M w cisof om 6 of) 1o1o Van in oCbc Cw8mftm

AM Cubic 7k4c0 of too 6 Wall Amq to W i . c_.iirewi
[?.iZ 9668Amaiso f .(Sq 91) 920 0.m Role iri sq., C.,*ne88 pw hot,
[ O mon Raft 1 (Sq fti) 7.2 Told iO iii to D0 n, M0)
3 ACJC Apfakc n aae (w6f•0 s Ft ot -M 4a32 Gallas o ACJC Appid to Wak

1312 Cubi Cw48oefw of ACJC Appfd to Wak
6K810 Fiber Vahun wfr46 ACJC. flowd om E ~on Dl tlon of Flbo

5.6. 7. 8. mid 9 miein ogft Ieacht ha.i mn aoloct KINDo o 3 to I (co)

F.W. *I Al E-" Fa Awi or 6 Fa AW 63 Fa 66b4 C so r Fo6l4bC~ aAl O Fa AW FaAgb Fa Amo sr Ab4 Conlord
2welvadk Raf o 010.101L o10.21 d04030 of 0A. of -IM o 0.0600L ofOlml 010.82 of 9D.

6 oom N.mT•w of Numlt cif Nurnb9 w cg M,,46 of Numbw of Nunrl5w of Num1 . of Nurn0. of Nuff50. of
Fbmpw Ilbw. Fp 18.pw Fbm.o Fib per6w PM 9 pm 9466.9w 9466w p- Fib-. ow

- Afo 0C CC CC 00 CC0 0 00

0,40 0.79 3030 606.0 9O9.1 1212.1 151.51 1818.1 2121.1 2424.1 2727.2
0.58 1.23 280,6 561.6 842.4 1123.2 1404,0 164.7 19665 22343 2527
0.63 0`la 426.0 661.9 1277,9 170M.8 2129.8 2566.7 291.7 3407.6 3866
0.62 1.36 2749 W497 824L6 1099.4 1374.3 1649.2 1924.0 2196.9 2473.8
0183 0.74 670.2 134D.3 2010.5 263,6 3350.8 4=209 4691.1 5361.2 41.4
0.48 0.86 3314 662.8 994.2 13256 1667.0 1968.6 2319.9 2661]3 29827
0.43 0.76 337.7 675.3 1013.0 1360.7 1668.3 2026.0 236W.6 27013 3039.0
0.61 1.10 328.5 666.9 956.4 1313.9 1642.4 1970.8 2299.3 2627,8 2956.3
0.64 1.17 325.0 649.9 9749 1299.9 1624.9 19498 2274.8 259.8 29249
0.61 0.410 4 2 920.4 138.6 19417 2303.9 2761.1 32213 3681 5 1141 7
0.90 1.36 39, m 795.5 1193.3 1591.0 1958.8 2386.6 27843 318291 35798
0.86 0.99 6176 1036.1 156. 7 2070.3 2587.9 3105.4 3623.0 414.6 46682
0.43 1.43 179.6 369.3 &3.89 718.6 8%.2 10778 1257.6 14371 16167
0.`0 0.74 407.7 815.3 122330 1630.7 2038.3 2446.0 2863.7 3261 4 36690
0.76 1.22 372.1 744.1 1116.2 1488.2 1860.3 2232.3 2W4.4 2976.5 33485
0.73 0.84 513.4 1026.7 154.1 253.5 2566.8 3M).2 3593.6 4106.9 4620.3
0.40 0,72 336.7 671.4 107W1 1342.8 1678.5 2D14.2 2349.9 2686.6 3021,3
0.56 0.96 339.6 679.2 101&8 1358.3 1697.9 2037.5 2377.1 27167 30663
0.56 1.4L 249.5 481.0 721.4 961.9 1202.4 1442.9 1683.3 1923.8 21643
0.48 1.0 266.5 53.09 796.4 1061,9 1327.4 1592.8 1858.3 2123.8 2389.3
0.69 1.21 3393 678,6 1017.9 1357.2 1696.5 2036.8 2375.1 2714.4 363 7
0.84 1.16 428.7 867.4 1286.0 1714.7 2143.4 2572.1 30M.8 3429.5 3A58.1
0.89 1.46 366.1 732.3 1098.4 1464.6 16M037 2196.9 2563.0 2939.2 32953
0.58 1.07 320.8 641.7 962.5 1234 1604.2 1925.0 2245.9 2566.7 2387.6
0.59 1.42 250.0 50D.0 750.0 1000.0 1250.0 1506.0 1750.1 20. 22501
0.67 1.14 350.7 701.4 162.1 1402.8 1753.5 2104.3 2456.0 28M.7 31564
0.86 1.11 466.8 9115 1367.3 182331 2278.9 2734.6 3190.4 3646.2 4102.0
0.49 0.78 377.2 754.3 1131.5 150M6 1886.8 2262.9 2640.1 3017.3 33944
0.66 1.37 282.9 565.9 48.8 1131.8 1414.7 1697.6 1980.6 2263.5 2546.5
0.83 1.49 334.0 668.1 1002.1 1336.2 1670.2 20X4.3 2338.3 2672.3 30664
0.77 101 44.9 9098, 1364.7 1819,6 2274.5 7279.4 31U4.4 3639.3 0914.2
0.81 0.83 579.6 1159.3 1738.9 2318.6 2899.2 3477.9 4567 5 46372 5216.8
042 1.25 198,3 3%6.6 594.8 793.1 991.4 1189.7 1387.9 1566.2 1784.5
0.88 1.24 424.4 848.8 1273.2 1697.6 2122.0 2546.4 2970.8 3395.2 38196
0.48 0D8 356.7 711.4 1067.1 1422,9 1778.6 2134.3 2490.0 2645.7 3201.4
0.42 1.37 181.1 362.2 543.3 724.4 905.5 1086.6 1267.7 1448.8 1629.9
0.52 0.74 417.0 8340 1251.0 1668.0 2306.0 2502.0 2919.0 3336.0 3753.0
0.44 0`91 291.4 51Q.7 874.1 1166.4 1466.8 1748.1 2M9.5 2330.9 2622.2
0.88 0,80 660.6 1321.3 1981.9 2642.6 3303.2 3963.9 4624.5 5286.1 5945.8
0.42 16D6 236.0 476.1 714.1 952.1 1190.2 1428.2 1666.2 1904.3 2142.3
084 1,43 352.4 704.7 1057.1 1409.5 1761.8 2114.2 2466.6 2818.9 3171.3
0.84 0.77 663.2 1306.4 1969.7 2612,9 3266.1 3919.3 4572.6 5225.8 5879.0
0.72 1.30 331.2 662.4 993.5 1324.7 1465.9 1987.1 2318.2 2649.4 2982.6
0.77 0,82 576.1 1152.2 1728.4 2304.5 2682.6 3456.7 4032.9 4W9.0 5185.1

088 1.20 441.1 88232 1323.3 1764.4 2206.5 2646.5 3057.6 3528.7 3969.8
0.50 1.20 248.2 496.3 744.6 9927 1249.8 1489.0 1737.2 1986.3 2233.5
067 1,27 411.4 8226 1234.2 1646.6 2657.0 2466.4 26798 3291 ) 3702.5
0.59 1.47 241.3 482.6 723.9 966.2 1206.5 1447.8 1609.1 1930.4 21717
0.63 1.33 284.1 568.3 862.4 11365 1420.6 1704.8 1958.9 2273.0 2567.2
0.44 1.25 208.1 416.2 624.3 832.4 104D.5 1246.6 1456 6 1664.7 1872.8
0.45 1.46 1846 369.6 564.4 739.2 924.0 1108.7 1293.5 147a.3 1663.1
0.77 0.95 486.3 970.6 1466.9 194132 2426.5 2911.8 3397.1 3682.4 4367.7
0.53 0.83 381.2 762.4 1143.6 1524.8 1906.1 22873 2668.5 3049.7 343009
0,86 0,80 635.6 1271.2 1906.9 2642.5 317a.1 3813.7 4449.4 5M.0 5720.6
0.62 0.96 381.7 763.4 1145 1 1526.8 1908.5 2290.2 2671.9 3W1.6 3435.3
0.82 0.73 666.0 1330.0 1996.0 2660.1 3325.1 399. 1 4655.1 5320.1 5985.1
0.89 1.12 4723 944.6 1416.9 18692 2361.5 28338 336.2 377&5 4250.8
0.58 0.75 45865 9171 1375.6 16341 22926 2751.2 32067 36682 4126.8
M2 1.06 466.1 930.3 1395.4 180.5 2325.7 2790.8 3256.9 3721.0 4156.2

0.41 0.73 335.3 670.6 1006.9 1341.3 1676.6 2011.9 2347.2 2682.5 3017.8
0.76 1.21 374.2 740.3 1122.5 1496.7 1870.9 2245.0 2619.2 2993,4 3367.5
0.84 II 497.0 994.0 1491.0 1966.0 2486.0 2962.0 3479.0 3976.0 4473.0
0.42 1.25 200.5 401.0 601.5 862,0 1002.6 1203,1 1403.6 1604,1 18046
0.87 0.81 642.1 1264.2 1926.3 2560.3 3210.4 3862.5 4494.6 51367 57788
0.69 0.88 468.9 9377 14D6.6 18754 2344.3 2813.1 32620 3750.8 4219.7
0.77 1.27 363.2 726.4 I .5 1452.7 1815.9 2179.1 2842.2 2906.4 3268.6
0.43 0.86 300.0 600.1 Q.1 1200.2 160D.2 !80.3 2100,3 240.4 27064
0.78 1.17 396.9 7938 11906 1567.7 194.6 2381.5 2778.5 3175.4 35723
0.83 0.78 6335 127.1 1900.6 2534.1 31677 3801.2 44347 59M.3 57016
0.48 0.98 293.0 5860 879.0 1172.0 1464.9 1757.9 2050.9 23439 26369
0.76 1.09 415.6 831,2 1246.8 1662.4 2078.0 2493.6 2M. I 3324.7 374D 3
0.57 0.89 381.7 7635 1146.2 1527.0 10,7 2290.5 26722 3064.0 3435.7
0.81 1.0 469.3 9387 1483.0 1877.3 2346.7 2616.0 3286.4 37547 42240
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roci o,01 d Ai Evctq Fa AAb Conk oAm ft Fa Ab Cnl•o AM5 Co*l Fa Amb 86rm : 8 Alb 8Co65 I" Alb • F.NAlbCan aA C-O
2hodo Rail ot .10.10l o 0` . 0103M 0o10.4 Of W0I oo 060 ot 0.7 L <30.801 998of ý

A.*.8*igd Room (30 ta..0 w 01o MjEW o of 76zi45w Co 01•o 01 ftAnbw o0 Mt8w 1t Of N8rnlb5 w 0
7bt. P. Ft1ms w 1 86 Rig p 7 . F-m pi 8ft i. Flb ,. Flom. pw6 ft. pw

- cc cc cc cc occ cc c~c cc cc

0.57 1.09 30894 618.7 936.1 12374 158 1866.1 216b5 24748 27142
0.69 1.04 396.9 7977 1196.6 1596-4 1994.3 2393.2 27920 31909 35898
078 111 421.7 84W5 126.2 1686.9 2108.6 2&5304 2962 33738 379,6
0.42 0.73 34523 695 1035.8 131 70 176.3 20715 2416.6 27620 30703
0.59 0,96 371.0 7419 71129 1483.8 7864.8 2327 25857 29576 32,8b
0.61 L20 301.0 60.0 9M.0 1203LI 15M.1 l0110661 2107 7 24081 2097
6186 7.7I 469.6 919.3 1378.9 1835,6 229.2 2757.9 32175 36772 47368
0.46 0.88 31174 6228 934.2 1245L6 1567,0 786.3 21797 2497 28625
0.73 0.77 5662 1130.4 1696.6 2260.8 2826.0 3297 2 3956.4 45216 5 '68
0657 1.34 252.2 504.4 756.7 1008.9 1261 7 15733 17665 20178 22700
0.59 0686 m 4 I W04,2 12D6.2 7609r3 20104 24125 2614.5 32166 36187
0.71 0699 426.7 863.4 720 1706.7 21334 25607 29668 34)3.4 38 7
0.64 1,48 266.5 513.0 769.5 1026.0 12825 75290 17765 2W52.0 23085
0.76 1.39 326,5 663.0 9796 1306.1 1632.6 7969.1 22867 26122 298 7
0.66 0.74 580.2 1700.5 1680.7 2200.9 2751.2 33074 38516 44019 49521

0.60 0.82 438.9 877.8 1316.7 1756.6 2194.5 26334 30723 35112 39501
0.81 1.25 355 1 770.3 1156.4 158.5 1925.6 2310.8 2695.9 3067,0 34662
0.52 126 247.6 49523 7429 990.6 1238.2 465.8 17335 7971 22268
0.47 1.41 1798 397.7 596.5 796.4 994.2 1193.0 13919 1590.7 17795
0.99 786 368.0 735.9 11039 1471.9 8399 2207.8 25758 29438 33178
0.42 727 208.5 41770 625.6 824. 7642.6 12511 14596 16687 1876.7
0.82 0.91 537.4 10747 1612.1 2149.4 26868 3224.2 37675 42989 48362
0.74 1728 3430 686.0 1028.9 13719 17149 20679 24M09 27438 30568
0.87 1709 475,5 951.0 1426,4 19019 2377.4 2862.9 3328.3 38138 42793
0.47 .30 214.5 428,9 643.4 8579 1072.4 128668 1501.3 17158 19303
0.49 1.35 216.4 432.8 649.2 866.6 702.0 1298.4 1514.8 17312 19476
0.86 0.91 564.5 1129.0 1693.4 2257.9 2822.4 386.9 39514 45158 5M 3
0.47 1.44 194.0 388.1 582.1 776.1 970,2 1164.2 13592 1523 17463
0.61 7.15 315,2 630.4 945.5 1260.7 1575.9 18971 2M6,3 25214 28266
0,64 0.82 462.9 925.9 13888 185157 23146 2777.6 324D.5 3703.4 41663
0.44 0686 308.1 616.1 924,2 1232.3 150.3 78864 2156.5 24645 27726
0.46 0.97 285.4 570.8 856.2 1141.6 1427.0 1712.4 19978 22632 25686
0.65 7.40 276,5 53.1 829.6 1106.2 1302.7 1659.3 19358 22124 24889
0.87 1.07 486.5 971.0 1456.6 1942.7 2427.6 2913.7 33986 3884. 439 7

0.83 136 365.3 730.6 7o098 7867.7 1826.4 2191.7 25570 29222 32875
0.85 1.10 463.1 926,2 1389.3 1862.4 2315.4 2778.5 32416 304 7 4167.8
0.51 1.04 294.0 587.9 3879 1175.9 14699 1763.8 20578 2351 8 26459
0.41 1.33 184.3 368.6 562.8 737 1 9214 1106.7 12899 14742 16585
0.77 1.44 31775 635.0 952.5 1270.0 1587.5 19.0 2222.5 2'560 28576
0.71 0.93 455.5 971 71366.6 18222 2277.7 2733.3 31888 36444 409
0.35 7.4A 233.8 467.6 701.4 935.2 1169.0 1472.8 1636,6 18704 21042
0.66 7.18 332.2 664.4 996.5 1328.7 7660.9 7993.7 23253 2657.5 2996
686 1.42 337,7 675.5 10132 1351.0 7686. 2026.4 2364.2 2701 9 3039 7
0.74 1.02 43177 863.4 12951 1726.9 259.6 2590.3 302230 34537 3885 4
0.13 1.38 316.6 633.2 949.8 1266.5 583 18997 22163 25329 28495
0.79 1.19 397.5 795.0 1192.5 1589.9 7967.4 2384.9 27824 31799 35774
0.43 1718 216.2 432.4 648.6 864.9 707. 1297.3 1513.5 1729.7 19459
0.61 1.27 287.2 574L5 861.? 1146.9 1436.2 7,34 20106 2297.v 2586 1
0.88 1.38 380.7 76175 1142.2 7522,9 790.6 2284.4 26657 30458 3426.6
0.54 0693 345.7 691.4 7027.7 1382.7 7728.4 2074.7 24198 27665 31112
0.58 1.46 237.6 475.2 712.7 950.3 7787.9 1425.5 16630 19016 21382
0.44 0.73 359.9 719.8 10797 1439.7 '996 2159.5 25194 28793 32392
0.60 0.84 423.3 846.7 1270.0 1693.4 2776.7 25M6.1 29634 33867 3810A
0.35 0.76 43175 86371 1294.6 17267 27577 259.2 30207 34523 38838
0.78 0.95 497.3 982.6 1473.9 1965.7 256.4 2947.7 3439.0 3930.3 44216
0.47 1.21 232.5 466.7 697.6 930.7 7762.7 1395.2 16277 18603 2092 8
0.50 1.11 266.2 53223 785 1064,6 728 1596.9 1863.1 21293 2395.4
065 7.46 265.6 531.2 796.9 1062.5 732 1593.7 8593 2125.0 2390.6
0.75 0.74 600.8 1201.6 1802.3 2631 9 3604.7 42055 48063 5WD70
0.78 0.82 569.6 1139.1 1708.7 2278.2 28478 3417.3 3986.9 4556.4 51260
0.42 0.93 271.6 5423 814.9 10666 7382 1629,8 1915 2173 1 2444.8
0.84 0.87 576.6 1153.1 1729.7 23063 26828 3459.4 4035.9 4612.5 51897
0,64 0.84 45580 909.9 1364.9 1819.8 22748 2729.8 3184.7 3639,7 40946
0.61 0.95 383.5 766.9 1150.4 1533.9 79773 230D.8 26843 3067.8 3451 2
0.77 1.15 40171 80223 1203.4 16045 6 246.8 2807.9 32090 36102
0684 0.85 57.8 1175.5 7763.3 2351.0 29388 35266 41143 47027 52898
0.82 702 472.1 944.1 1416.2 1888.3 203 28324 3304.5 37765 42486
0.61 097 416.6 833.3 1249.9 1666.5 2022 2499.8 2916.4 333.1 3749.7
0.56 1.10 3002 600.3 9M.5 1200.6 1578 09 21011 2401.2 2701 4
0.51 1.29 234.7 4694 704.1 938.8 735 1408.2 16429 1877.6 21123
0.80 1.37 350.0 70.1 050. 140.2 7502 2100.2 2452.3 2800.3 3150.4
0.62 0.99 372.5 745.0 11176 1490. 8626 2235.1 2607.6 29990 7 3352.7
0.85 0.86 592.0 1183.9 1775.9 2367.9 2998 3561.8 41418 4735.7 53277
0.49 0.85 343.4 686.8 7020.2 1373,6 77170 278.3 24037 2747.1 3090.5
0.72 0.74 580.3 11607 1741.0 2321.4 2907 3482.1 4062.4 4642.7 52237
0.80 1.00 475.3 97.6 1425.9 1901.2 2765 2818 33271 3802.4 4277 7
0.77 1.30 3531 706.3 1059.4 1412.6 77667 21189 2472.0 2825ý2 3178.3
0.42 1.31 193.5 3870 580.4 7739 9674 1160.9 13544 1547.8 174! 3
0.50 0.95 316.5 623.0 949.4 126.9 5824 189.9 2215.4 25319 286.3
0.67 7.75 3484 6967 1045.1 1393.5 1749 2090.2 24386 27870 31354
065 1.31 296A 59.1 885.2 7180.3 74753 1770.4 20654 2360.5 26556
0.44 1.36 195.4 390.9 586.3 781 9772 11727 1368 1 1563.5 17590
0.62 1.18 314.2 628.3 942.5 1256.6 5708 7885.0 2199.1 2513.3 2827.4
0.90 0.78 690.0 7386.0 2070.0 27599 34499 41399 486299 ,5199 62099
0.45 1.27 212.8 425.6 638.4 8512 70640 1276.8 1489.6 77024 19152
0.47 0.90 310.9 621.8 932.7 12437 5646 865.5 2176.4 24873 27992
057 1.32 2584 516.8 775.2 02336 72979 156M3 I 7 2067 1 23255
0.43 0.91 28.1 5602 86.2 1122.3 1404 16865 79606 22407 2520.7
0.73 1.14 38.5 766.1 11476 53.2 79727 2295.2 26778 303 3442 9
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h•g,9(n o1 Ag hfg R. A4b6Cont.Asn A4bCopýr0s. A.bCofp A, • ýAf,ý6 -Cop7n Am. FCob 66. Ab C-f- o C-f-,A. A t,4•6Gop
W6..8k wc99 of 0 101% 10020 W. (0A301. o0f0.OI 508. of 060, of 0 A,.A. o,018W 0A W3.
Pdvmdmd R- N1Utw 01 N7&*opOf Nu01 79 of Pnb. ot l.. of 19.Ib 0 Nn.*,46 01 0N-b .1 NwrL 0f

Fi-po 7tbm g Film po H2.. P. 781. P. 7 k.. p. 8..p. 11.p Ft.. p. F-
(f cc cc Ic -• -c - -•

(46 094 2625 64,9 8474 11299 14123 1694.8 19713 22597 25422
0.9 0)61 3M8. 677.6 10163 13661 86939 232 7 23715 27103 33490

7 0 96 4 764 9 628 4292 :96M 6 23820 2M864 33 249 38113 4281 9
0.59 0.82 4292 8.3 2875 716 7 21468 26750 30042 34333 3 3925
0.49 149 1983 3967 5.961 7933 91 7 11960 13963 1586 1760

48 18 241 2 4823) 7235 46 96&6. a 46 I• 19"73 2170.4

0.46 102 2690 520 807 1 10761 13461 16141 18932 2152 1 2421 2
0.46 1.21 220.1 4403 6604 880.5 1100`7 13208 16409 1761.0 191 2

0 14 3669 713.9 1070.8 4277 17947 21416 2499 2866 32124
059 122 2963 5706 65.8 1141 I 436:4 1711 19969 22922 266;5

77 0.96 4920 9639 14469 19278 24a 2891 7 3373 7 36 7 437 6
61 104 3 61 696.3 1047 4 13965 17457 2094 8 24439 279341 31422

0.7 0.82 6356 1211A l967 25422 31779 38133 44469 50844 520 0
062 1 02 370.3 74D.6 11110 14813 14616 22219 26922 2962.5 33329
079 0.87 5416 1063.3 1624.9 2166.6 2720.2 32499 37915 43332 48748
04) 1.47 1670 334.1 0 91 46a 1 8262 10022 11692 13363 17(W 3
096 0 76 6704 1340.7 20111 2651 4 3361 8 40222 469265 62 9 60332
0 07 3635 7071 I06 1414.2 1767 7 21213 24748 29283 31319

69 0.9 440.0 9069 13439 17919 22399 2679 313752 3598 4031 8
047 0.70 4026 8062 12078 16104 20131 24157 28183 324209 36235
0.66 1.26 3120 623.9 936.9 72479 769.9 18718 21398 24958 261 8
0.6) 0.99 3447 6893 10M40 7378.6 :1233 M679 24126 2757 2 3101 9
a43 106 2427 486.5 728.2 97710 1213 7 14566 16992 19420 2984 ?
0)9 1.03 45311 902 73692 18123 22664 27185 31716 36246 4077 7
0. .8 4283 9666 72849 7732 21415 26698 2999.1 34264 294 6
047 0.87 280.5 561 1 84.6 11221 74226 16932 19637 2244 2 25248

42 0.86 241 1 5822 873.3 1164.4 7466.5 17465 203736 2328.7 26198
066 0.88 444ý4 8989 7333.2 17776 22220 26664 31109 356653 3999 7
0.70 0.75 5603 1170.7 7661.0 2271 3 276176 33020 38523 41M26 49629
0.99 1.14 4603 9206 1386.9 7841.2 2302 5 27616 32222 36924 41421
0.64 0.96 3342 668.4 002 7 7336.9 16771 2006.3 23396 26738 3006
0.96 0.83 6232 1250.5 18751 2697.0 12672 3)515 43767 610720 56212
042 0.86 2922 084.4 6766 11688 1461.0 77527 20463 2337.6 26297
0 159 50 2358 471 6 7074 943.1 1778.9 74147 76696 7883 27221
0.51 37 222.4 444.9 667.3 8997 1712.2 137346 5671 7775 20]019

S 0.79 666.3 1312.6 19689 2626.2 3297. 3937.8 4694 626504 59061
0.46 1.40 194.0 3a79 8179 7758 9W,8 7163.8 71) 76677 7456
0.46 I 10l 2719 6426 815.6 1087.5 7369.4 7631 79032 217.0 24469

Aves- 374 748 1123 1747 1 871 2245 2620 2994 1w69
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SPREADSHET FOR CALCULATION OF AIRBORNE ASBESTOS FOR ROOM 25 * 25" 8'. FOR VARIOUS
CONCENTRATIONS (0. 1 to 0.9%) OF ASBESTOS FIBERS IN ACJC.

INPUT VARIABL ES CALCULATIONS FROM INPUT VARIABLES I
26*256 oin i Rol ot (Ft) 1416O8DK Row,, Vobk,, in C,.o ý ý~e

D Cuic Fookag of Roc, ? Wal Area 8, Roam ,n Squax Cot-rft
a wa Ai. of Row,, (Sq FT) Den2o RWAe ir, Squ C9n7.ete. pe t.
10D Don on R807 (Sq Ffft) 8otal tf,. to Demnil O.V)

ACJC App.caton Rt. (9wg 00 Sq Ft oi w*) 4[ Galcov of ACJC Applied to Waft
CA ý C~llmelf of ACJC Ap49.1 to Waf

I66b Fbw Vok.-, wil~t*. ACJC. 80102on on E~9 Dishb~olo 07 bet
5. 6 7.8, and 9 rrcdonm. in "Rg7L7 eocic howng an aipect ea•to of 3 to I (cx)

o .hon of Air End. Fat Amb Contetl Kn Am4 Cotnt tFr 4bC4onlttFo MAS Con F.e Mb Cten ForAb C-- Foro S ContonFor Abd Conte F .orb Cont
ShR"oCk Ra8t o0 0.10o % o029 0, ot 0.30M of 0.408%. 01.f% o10.60%. of 0.70%. I 00.80%l of01
Pul-elmd Room Numbr o Num01 of NLe 01 f. Nurr,. 0 of Nur70 of00 bwof Nurr,60of N.rnt- o0 Nu, ofb0

8be, p.. F8m pw F8be Pe.• ib 0epew Fib0.p F pet . Flb08 pe. p te. p. Fibse p.
(E --- cc cc c cc CC CCC CC

0,40 0.79 242.4 4B4.8 727.2 969.7 1212,1 14A 5 16969 1939,3 21817l
0.58 723 224.6 4493 673.9 885 11232 13,78 15724 17971 2021 7

0.63 0.48 34D.8 681.5 It2.3 1363.1 170138 2044.6 23854 2726 I 30669
0.62 1.36 29.9 4398 669.7 8796 10994 1319.3 15392 17591 19790
0.83 0.74 5&6.1 1072.2 16084 2144.5 2680.6 3216.7 37529 42800 482 1
0.48 0.86 266.1 50.3 79.4 1060.5 1325.6 16%08 1856.9 21210 23861
0.43 0.76 270.1 5403 810.4 1090.5 13507 1620.8 18909 21610 2431 2
0.61 1.I0 262.8 525.6 7823 1061.1 13139 1576.7 18W95 21022 23650
0.64 1.17 260.0 20.0 1799 1039.9 1299.9 1,59.9 18199 20798 23398
0.61 080 368.1 736.3 1104.4 14726 1840.7 2208.9 2577.0 29462 33133
0.90 1.35 318.2 636.4 954.6 1272.8 1691.0 1909.2 22274 26546 28639
086 0.99 414.1 828.1 1242.2 1666.2 20703 2484.4 2898.4 3312.5 37265
0.43 1.43 143.7 2874 4311 574.8 718.5 86223 10060 11497 12934
0.50 0.74 326.1 652.3 978.4 1304.5 1630.7 1956.8 2283.0 26091 293• 2
0.76 1.22 297.6 6%.3 892.9 1190.6 1488.2 1785.9 20.5 23812 26788
R73 0.84 410.7 821.4 1232.1 1642.8 2063.5 2464.2 2874.8 32855 3696.2
0D4 0.72 "' k 537.1 8%.7 1074.2 1342.8 1611.3 1879.9 2148.5 24170
0.56 0.96 27; 1 543.3 815.0 1046.7 1358.3 1630.0 1901.7 2173.3 2445.0
0.56 1.40 92.4 384.8 577.1 7695 961.9 1154.3 1346.7 1539.1 1731.4

0.48 108 2124 424.8 637.1 849.5 1061 0 1274.3 1486.7 16990 19114
0.69 1.21 271.4 5429 8143 1085.8 135T2 1628.7 I19 1 2171.5 24430
0.84 1.16 342.9 6915.9 1028.8 1371,8 1714.7 2057.7 2400.6 2743.6 3086.5
089 1.46 292.9 585.8 878.8 11717 14646 1767.5 2060.4 2242.3 26363
0.58 1.07 256.7 513.3 770,0 1026.7 1284 1640.0 1796.7 2053.4 2310.0
0.59 1.42 20M0 4M00 60M0 0M 1000.0 1200.0 1400.0 1600.0 18001
0.67 1.14 290.6 661.1 841.7 1122.3 1402.8 1683.4 1964.0 22445 25251
0.85 1.11 364.6 729.2 1093.9 1458.5 1823.1 21877 2662.3 2917.0 3281.6
0.49 0.78 301.7 603.5 905.2 1206.9 15M.6 1810.4 2112.1 24128 271655
0.66 1.37 226.4 462.7 679.1 905.4 1131.8 138. 1 1584.5 1810.8 20372
0.83 1.49 267.2 5345 801.7 1068.9 ?336.2 16034 18706 21379 2405.1
0.77 1.01 363.9 727.9 1091.8 1465.7 1819.6 21836 25475 29114 32753
0.81 0.83 463.7 927.4 1391.2 1854.9 2318.6 2782.3 32460 37098 4173,5
0.42 1.25 158.6 317.2 475.9 634.5 793.1 9517 11103 1269.0 1427.6
0.88 1.24 339.5 679.0 10i,.6 1358.1 1697.6 2037.1 2376.6 27162 30557
0.48 0.80 284.6 569.1 853.7 1138.3 1422.9 1707.4 1992.0 2276.6 2561.2
0.42 1.37 144.9 289.8 434.6 579.5 724.4 869.3 10141 11690 13039
0.52 0.74 333.6 667.2 10008 13344 1668.0 2001 76 2335.2 26688 "'V.4
0.44 0.91 233.; 466.2 699.3 932.3 1165.4 1398.5 1631.6 1864.7 2.797,8
0.88 0.80 528.5 19570 1585.5 2114.1 2642.6 3171.1 3699.6 4228.1 4756,6
0.42 106 190.4 380.9 5713 7617 952.1 1142.6 13330 1523.4 1713.8
0.84 1.43 281.9 563.8 845.7 1127.6 14D9.5 1691.4 19733 2256,2 2637.1
0.84 0.77 522.6 1045.2 1567.7 209.3 2612.9 3135.5 3658 1 41806 47032

0.72 1.30 2649 529.9 794.8 1059.8 1324.7 1589.6 18546 2119.5 2384.5
0.77 0.80 4609 '1.8 1382.7 184.26 2304.6 2765.4 32263 36872 4148 1
0.88 7.20 3629 7U6.7 1058.6 1411.5 1764.4 2117.2 2470 1 28230 31759
0.50 1.20 19.5 397.1 5r5.6 794.1 992.7 1191.2 13897 1588.3 17868
087 127 329.1 66.2 9873 1316,5 1645.6 19747 230L3 8 26329 29620
0.69 1.47 193.0 386.1 579.1 772.1 96,2 1158.2 1321 6 1544.3 17373

063 1 33 2273 454.6 681.9 909.2 11365 13638 1691 1 18184 2045 7
0,44 1725 16685 132.9 499.4 66.9 832.4 9988 11663 1331 8 14983

046 146 147.8 295.7 443.5 591 3 7392 887.0 10348 11827 13305
077 0.9 3882 776.5 1164.7 1562.9 1941.2 23294 27177 31059 3494 I
0.53 083 305.0 609.9 914.9 1219.9 1524.8 1829.8 21348 24397 2744 7
0.86 0.80 5M.5 1017.0 1621.5 204,0 254.5 3051,0 32695 43680 k765
0.62 U.96 3044 610.7 916.1 1221.4 7626.8 18322 21375 24429 27482
0.82 0.73 532.0 7064.0 1596.0 2128.0 28601 31921 37241 4256 1 4789 1
0.89 1.12 377.8 7567 1137.5 15! 14 18892 2267 I 26449 30228 34006
058 0.75 366.8 7336 1100.5 1467.3 18341 2200.9 25678 29346 3301 1
0.82 1.05 372.1 744.2 11163 14M8.4 18605 2232.6 2604. 7 29768 338 9
0.41 0.73 268.3 536.5 843.8 1072.0 1341 3 16095 18778 21460 24143
076 1.21 299.3 567 890 1197.3 1496.7 1796.0 254 2394 7 26940
0.84 7.07 3976 795.2 1192.8 15904 19880 23856 27832 31808 35784
0.42 125 1604 322.8 4812 641.6 8070 9625 1122.9 12833 14437
0.87 0.81 5137 70273 1541.0 20547 256 3 30820 3297 41093 46230
069 0.88 3757 750.2 1125.3 75003 18754 22505 26256 310 7 22758
077 1 27 2935 581 1 8716 11622 1462 7 17432 20338 23243 26149
0.43 086 2400 4801 / 30 960.2 120012 14492 76803 19263 21603
0.78 1 17 3175 6351 9526 12707 15877 19802 22228 2543 29678
083 0.78 5468 10137 15205 230273 25341 3041 0 35478 40546 45615
048 098 2344 4688 7032 9376 1172 7403 16407 18751 21095
0.76 109 3325 6649 9974 13299 76624 19948 23273 26a 29923
057 089 3044 6108 9162 12216 15270 18324 21378 2443, 27490
081 103 3755 7509 11264 15016 18773 732 8 26283 m068 a2132

B-8



7ý8%n 0 Ak E-hnog Fo.AdbtCo.n66 <Atb~ofel AsC Fu Aml Cor.•n. F" Ab4 C:co10•- Au, C-coi A, C.,4nl8.f A4b3 6, cAid en7
74*.fta d, 86860 010709 of0.20M oOF 0L o 0 4046 o' 7429 C0404% ,1070%6. t 08%l of 90%,

90oom,, Q Numb0 o4 Minb. .4 66o4843 Nu 0 Nurn*t ol nII4 tn6 of tumi04 o 7m. 1 P., 964,i8.0

F min pw fH..- p. H 8 . Hb- po Fib- P FS m po Fib-... P , 98ý p. ,•7. P,

- ( Ec c c cc cc cc c c
057 709 2476 4960 7424 9899 72374 14849 17324 19798 327 3
069 04 3197 6382 9673 1276A :%614 19145 22336 2M62 28778
0.78 1 7 3374 6748 1012 73496 16869 20243 2361 7 2699 3064
042 0.73 2762 5624 8%.2 6 104.8 13810 76672 19334 2209 6 24868

068 095 296.8 35 M3 18.0 14838 77816 20773 2314 1 26709
067 120 24D8 486 722.4 9632 204 7441 9 161167 19266 2167 3
086 111 367 7 7364 1103.2 4709 18386 22•6• 3 25740 29418 33095
0.46 0.88 2491 4982 7473 9964 1246.6 14947 17438 192,9 22420
0.73 0.77 4622 904.3 13665 5 2267.8 27730 3 656 36177 469 5
0.67 1.34 2078 4036 6M 4807 7008.9 7270 7 1424 716742 18160
0 69 0.18 32 7 6433 986 1286 6083 9300 225166 25733 289%0
0.71 0.9 3473 6827 10240 13664 77667 2048 1 23894 27308 307281
0.64 148 2062 4104 6156 8208 10260 72312 74364 1641 [1468
0.76 739 261 5224 7827 70449 1306 6567 3 782845 097 2351 0
0.68 0.74 4402 810.4 220019 2641 1 3051.3 3621 5 3967 7
0.60 082 3617 7032 73 74346 7762 6 21067 24579 21190 317607
0a8) 1.25 30(.7 616.2 924.3 12324 848.6 21567 2464.8 27729
0.62 7.26 797 3962 396 18817 73868 1584.9 /u

0.47 1741 759.1 318. 472 6363 794 964.4 113 12726 1437.6
0.90 1.46 294.4 5888 1377.76 14719 17663 2066 23560 264964
0.42 727 1668 3336 4 6673 834.1 1000.9 11677 13345 15013
0.82 0.97 4299 8&W8 12997 9 2M 25793 3009.2 3439 1 3869 0
074 7.28 274.4 5488 8097 13779 16463 1920.7 27067 24694
0.87 7.09 34804 76068 7477 76276 77079 22823 26627 3 3423 4
0.47 7.30 716 343.2 74,7 6863 8579 1029.5 7207 73726 75442
0.49 1.35 73,1 3462 19.4 69216 866 1038.7 2178 53849 68
0.86 0.91 451.6 9032 73547 03 2257.9 2709.5 36 36727 40642
0.47 1.44 1762 3M05 4667 620 776.1 931.4 066.6 7248 13970
0.61 1.15 26371 604.3 7664 06 7260.7 1129 7765.0 2072 22693
0.64 0.82 3703 740.7 77770 7481.47 2222.0 25924 29627 33331
0.44 0.85 2465 492.9 7394 988 12323 1478.7 7725.2 7976 22181
0.46 0.97 2283 456.6 6860 933 1141.6 1369.9 7693 826.6 20649
0.65 7.43 2212 44265 663.7 84 7 1062 1327.4 1648 7 7769.9 W9
0.87 7.07 388.4 7768 16-.2 7563.7 :942.1 2330.5 27189 37073 34957

0.83 7.36 2922 84.4 876.7 768.9 1 461 71753.3 20456 23378 26300
0.86 1. 0 3705 740.9 77774 7487.9 1862.4 2222.8 26933 29638 3334.2
0.67 1704 2352 470A4 70L 94D . 175.9 141171 164e.2 8874 2116.6
0 47 1.33 147.4 294.8 4423 737.1 884.5 7031.9 1794 3268
0.77 7.44 2540 .0 a 762.0 70760 270.0 1524.0 778.0 22320 22860
0.71 0.93 364.4 728.9 093.3 478 822.2 2186.6 25651 2 7 32800
0.55 7.4 1 7870 3747 67 935.2 7 7223 1309 3 34963 76&34
0,66 718 26567 5317 7972 763.0 1328.7 ;594. 7866 2 2726.0 2397 7
0.48 7.42 270.2 54114 8706 7. 1735170 7621.2 78913 27 243 7
0.74 702 3454 690.7 7036.7 7387.86 7,1. 112.2 241776 27630 3106,3
0.73 1.38 253.3 506.6 759.9 7032 266.5 7519.8 17730 2026. 22796
0.79 .9 380 63690 927 1589.9 7707.9 2225.9 2,W.9 28619

0.43 718 1730 34569 691.9 864.9 1037.8 7210.8.87668
0.61 1.27 229.8 459.6 6894 919.1 1148.9 1378.7 608.6 73 2068 1
0.88 138 3046 6092 913.7 7278.3 1622.9 1827.6 21327 1 24367 2741 2

0.54 0.93 27665 663 8296 7766.2 1382.7 1759.3 19358 22124 24889
907 387 702 766.2 950.3 114D.4 13304 720.6 1710.6

0.44 0.73 28779 679 8439.7 17276 2015.5 2 6 26974
0.60 0.84 3387 6773 7076.0 7354.7 :693.4 .20 2370.7 2709.4 30481
0.56 0.76 3452 69065 70367 138.9 726 207174 24166 2768 3070
0.78 0.95 3930 767 1179.7 7672. 9661 23582 2751 2 37442 35373
0.47 1 21 17860 3727 66. 744.7 930. 7117762 13022 74882 7674.3

0.50 I1 2729 4259 6388 867 7064.6 277.6 4905 7034 79763
0.65 746 272.5 4250 637.6 860 7062.5 12750 4875 .0 7925
0.75 0.74 4806 967.3 7447.9 7922. 243. 2883.8 3364.4 38460 43256
0.78 0.82 46666 9173 3669 1822.6 2278.2 2733.9 31895 36462 41008

0.42 0.93 2173 4346. 69 69.2 1076.6 303 9 152172 7738 7196.8
0.84 087 46173 9265 383.8 23063 27675 3228.8 36 47 63
0.64 0.84 3640 727.9 70979 746.09 8198 21838 25478 2977 3275 7
0.61 0.96 368 61736 9203 227.7 739 78437 21474 24542 27610
0.77 1 77 320.9 6418 7 72836 16045 792364 22463 262 2888
0.84 0.86 4702 94)4 4 7230 28213 32976 3767 7 423 9
0.82 103 3777 7653 30 7706 883 22669 26436 30272 3399

0.6 0.87 3333 6666 99919 333.2 7666 5 79 23331 28664 29997
066 7 10 2437 4480.2 720.4 966 727006 799-67 7689 79270 216177
0.51 1.29 1878 375.5 6633 767 93898 7266 73143 699
0.80 137 28DI0 5601 8.7 16902 79602 2243 25203
0.62 099 29ý0 5960 8940 792.7 14901 1788 3•86 2384 26821

086 086 4736 947 7,120.7 18943 23679 2847 4 3376 37886 42622
0.48 048 2747 5A94 P24 7 1098 13736 16483 19230 27977 24724
0.72 074 4643 938 3928 1857 7 23224 27866 32499 37742 41786
080 1 O0 3802 7605 7437 76270 1070 2 228175 2667 30479 34222
0.77 1730 2926 060 8475 171301 14126 19776 226 2426

042 131 1748 3096 4644 6719 7739 9287 703 238 1393 7
050 0.95 263.2 5084 7596 10727 769 779 7 17723 203 227A 7
0 67 7 76 2787 6664 9 367 7778 7393) 7672 2 17950 22296 2542 3
066 131 236. 472 1 702 9442 1180 3 14163 16524 4 21245

044 136 1564 3727 4697 6264 7878 9387 24 1 125 S 7437 2
062 I78 261 3 5027 7540 10053 17266 108 0 17793 20706 22620
04 0978 6620 11040 76660 ?"0 27599 33779 38639 4479 49679
045 1 27 1702 34365 5107 6810 8672 027 4 1191 7 73679 1322

047 090 2487 4975 7462 9949 1243 7 7424 :7471 : 799 2 6
057 732 207 4134 6207 8268 70336 72433 744N0 7384
043 091 224 4487 6722 93 77203 73444 798 779266
073 7 14 3060 6127 98 i 172241 7M02 836 2 21422 24483 27%43
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P, ton AirE.O. no :AmbC~n4ord Aib k. Ab6o r. Alb Fa Ab - AmCn, k. Amb Cnt6F Am, Ccnw AF.a Aib C.nQIs
SW Ib•6 88,0 obl O.10. o 040201. ol0.201, o4 0.4210 QI• o40 ./II o 0 70865 oOf .8 o4f

Roiod mw K64J1r. ot 964ll w cl 116. 01 NumI, w of NL-bo of N6446. of Nu w of N9 w .1 96tr_ of
fb.w I 0- R Flim iF- It- P4 Ft: 187i1 F40n pI W81.. P. Ft-. V P I 71 i•.

0.46 -09 226.0 4619 6779 9009 1129.9 1356A 168 8 14078 20338
0.49 0.87 2710 S42 M 1A 1 1084 1 266 I 16262 18972 21682 259 2
0.76 096 3811 7623 1143.4 6524.6 12.6 22568 26679 32690 34301
0.59 0.82 323 686.7 1020.0 13733 1716.) mO0 24033 2746 7 3 0
0.49 i48 168.7 317.3 4760 634t7 7933 9620 11106 12693 14280

0.4 I 18 192.9 3869 5688 7717 9666 11576 2650.5 1A34 173363
0.46 102 215.2 4264 645.6 80.9 1076. I 1291.3 1506,5 17217 192369

0.46 121 1761 362.2 5283 70d.4 846 10566 12327 1405.8 15849
068 114 26.5 571 I 856.6 1142.2 1427 7 17133 19988 22644 25699
0.59 122 22.2 456.4 684.7 9129 1141 1 13693 15975 18268 240
0.77 0.96 38&6 771 1 11567 1542.3 19275 23134 26990 2845 3470A
0.61 1.04 279.3 6686 837.9 11172 1396.5 1676,8 19562 22345 26138
087 0.82 W064 1016.9 15263 20338 25422 3050,6 3669 I 48675 45760

0.63 1.02 2963 5925 888.8 1186.0 1481.3 17775 20738 23700 26663
0.79 087 4232 866.6 1300.0 1733,3 2166.6 25999 30332 34665 3899
0.41 1.47 133.6 267,3 40.9 5U4.5 68.1 81o8 936.4 10690 I1 6
0.86 0.76 M6.3 10726 16009 21456 2681 4 3217 7 37540 4W .3 48266

0.63 1.07 282.8 567 848.5 11313 1414.2 1697.0 1979.8 22627 26455
0.69 0.91 358.4 716,8 107561 1432 1791.9 21503 25087 28670 32254
0.47 0.70 322.1 6442 966.3 1288.4 1610.4 1932.5 22546 25767 28W9
0.66 1.25 249.6 499.2 7487 998.3 12479 14975 17471 19966 22462
0.57 0.99 275.7 551.4 8272 1102.9 13786 1664.3 901 226.8 24815
O043 1.06 194.2 3884 682.6 776.8 971.0 1166.2 13594 15636 17478

0.78 1.02 362.5 7249 1087.4 14498 1812.3 2174.8 2537.2 28997 32622
0.84 1.18 342.6 686.3 1027.9 1370.5 1713.2 205668 2329.4 2741 I 3083.7
0.41 0.87 224.4 448.8 673.3 897.7 11221 1346.5 1571.0 17954 20198
0.42 086 232.9 466.7 698.6 931.5 116.4 13972 16301 18630 20059
0.66 0.88 3%.5 711. I 1066.6 1422.1 17776 21332 24887 2844 2 3199 7
0.70 0.76 44D.3 88.5 1320.8 17610 2201,3 26416 30818 36221 39623

0.88 1.14 368.2 736,6 1104.7 1473.0 18412 209.5 2577 7 29469 33142
0.54 0.96 267.4 5648 802.1 1069.5 13369 1604.3 18717 21390 2406A
0.86 0.82 500.2 1004 15(8.6 208 201.0 3001 2 31 4 4001 6 401 I
0.42 0,86 233.8 467.5 701.3 935.0 1168.8 1402 6 16363 1870.0 21038

0.59 100 1886 3773 565.9 754.6 943.1 1131.8 13204 150M0 1697,6
051 137 11779 3569 533.8 711.8 8897 1067.7 1246.6 14236 1601 5
087 0.79 525.0 100, I 1575.1 2100.2 2625.2 3150.2 36753 42003 4725.3
0,46 142 162 3103 466.5 620.7 775.8 931.0 1086.2 1241.3 13965
046 101 217.5 436.0 6625 8700 10875 1305.0 1522W5 774D0 1957'

Avc8oQes: .2. ____ _ 49B 1197 1407 1 2096 2396 2694
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SPREADSHEET FOR CALCULATION OF AIRBORNE ASBESTOS FOR ROOM 30 " 25 "8'. FOR VARIOUS

CONCENTRATIONS (0. 1 to 0.9%) OF ASBESIO' cleERS IN ACJC

INPUT VARIABLES CALCULATIONS FROM INPUT VARIABLES
X 1W 6n0Wig" 01 wom, I970 169VJ vos,, Vkf Ji, Cu . ,w,

aw WC A.iioia F Q -2g k-1 M ~ 92,,. 13. Cm..7.n-o - -p-h
W68 60118w A ' (SQ FUR) a Tokil 88. S .o .i8lih ft.)

AJC Apk.ow MOM (gW0050 S67 7t of [2a Gc0 of ACJC Ac~Amd to Wa7
igea CA..i CwW~WlM CO ACJC APgA.'3 Do 0 f

1 65E- 10 8Flw Vol,, dtw, ACJC. Bowd w, mn, f ~ 0mvluli6 of gi74n
5.6. 7. 8. an 9 torn m i f ou• h rohhcrVg uNi omec7 0a, of 3 to I7)

R, wci ofo As81c7ng ,Ab F C * Ice, 6Ao 6*AA.Fa Ab Conlwý kxAmb rl AbCon t a 616 6*, Pa Amb r FAbConeV4
5,mfroci W6ie f o 010I0N, .1 0.2D. 010.30wL Of0 01.008 of10.6f8ON 010701. 01f9 0 1 a~L of.
70198dm. Row Nugnbw ON Numl60 of Nur ol N 01 .of W4 01 76 Num0 o Nu0 Ml of Nu01 76 col 01 r8bw of

Fit.. g- 78bm pw 786.o pw 73m pw 78,.. ow 78,mi pw 786..pw 74. ow Rb- ...

- M oCN 0cc c cc cccC
0,41 0.79 M00 4900 60670 a0 10M01 12127 14147 16161 18181
0.,S 1723 1872 374.4 5616 748.8 9360 11232 13104 W4976 16847

063 08s 284.0 567.9 8679 11369 14199 170a8 19678 2271 8 25%67
0.62 136 1832 366S 64 7 733.0 9162 I0194 12827 14669 16492
0.83 0,74 446.8 883.5 134D.3 17871 22338 26906 31274 36742 493 9
0.48 0.16 2209 4419 6628 8638 1104.7 13266 176.6 176) 5 1985

043 0.76 Z25.1 4502 6753 910.4 1125.5 13607 15758 18009 20260
0.61 1 10 219.0 4380 6569 8759 10M.9 13139 15329 17519 19708

0.64 1.17 216.6 4333 649.9 866.6 10832 12999 15165 17332 19498
0.61 06 306.8 6136 920.4 12272 15339 IS8 7 2147.5 24643 2761 1
0.10 1,35 262 530.3 796 10607 13269 15910 18662 21217 23865
0.86 0.99 3450 690.1 1035A 1340.2 1726.2 20703 24153 27604 31064
0.43 1.43 119.8 239.5 3593 4790 59 8 718.5 8383 958 I 10776
0.50 0.74 271.8 543.6 815.3 108171 1366.9 16307 1902 21742 24460

076 122 248.0 496.1 744.1 9922 124092 14882 1736.3 70843 22323
0.73 0.84 342.2 6465 10267 1369.0 1711.2 2053,5 23967 27380 30802
0.40 0 72 223.8 447.6 671.4 852 11190 13428 56666 17704 20142
0..6 0.96 226.4 452.8 679.2 906`6 11319 13683 17147 1)711 20375
0.56 740 160.3 320.6 4810 641.3 801.6 961.9 11222 12826 14429
0.48 1.00 177.0 354.0 530.9 7079 1189 10619 12389 14159 76828
0.69 1.21 226.2 4524 678.6 904.8 1131.0 13572 15834 I7396 2035.8
0.84 7.16 286.8 571.6 8674 1143.2 14289 17147 2010 5 22863 25721

O.89 746 244. 4812 732.3 976.4 1220.5 14646 1708.7 1952.8 21969
0.58 107 2139 4278 641 7 8M66 106.5 128334 1497.3 1711 1 19250
0.59 1.42 166.7 333.3 500.0 6667 9334 1000.0 11667 1333.4 I500.0
0.67 1.14 2338 4676 701 7 9352 1169.0 1402. 1636.6 18705 21043
0.86 I'l 303.8 687,7 911.7 1216.4 1519.2 78231 21269 24308 27346
0.49 0.78 2514 02.9 75413 1005.8 1257.2 I5O 6 17601 20115 22629
0.66 1.37 188.6 377.3 566.9 754.5 943.1 11318 13204 15090 16976
08 1.49 222.7 445.4 6657 90.8 7713.5 13362 I769 17816 20043

0.77 1.01 3023 6065 9098 1213.1 16164 18196 21229 24262 27294
0.81 0.83 3864 7729 1167.3 1545.7 19322 23186 27060 309 .5 34779

0.42 1.26 132.2 2644 396.6 262.7 640.9 7931 925.3 10575 11897
0.85 1.24 282.9 566.9 84858 1131.7 14,47 1697,6 190,5 22635 25464
0.48 0.80 237 7 4743 711.4 9486 11857 1422.9 16600 17972 21343

042 1.37 120.7 241.5 362.2 482.9 6037 7244 84m 9659 10866
0.52 0.74 278.0 566.0 8340 7112.0 1390.0 16680 1946.G 2224,0 250
0.44 0.91 194.2 3886 582 7 777.0 971.2 11664 13597 15639 17481

0.88 08 44D.4 80.9 1321.3 17617 22 1 2642.6 30530 36234 3963 9
0.42 1.06 158.7 317.4 47671 634.8 793.4 9627 11708 712695 14282
0.84 143 2349 469.8 7047 99.6 7 7746 IX5 1644.4 18793 21142
0.84 0.77 435.5 871.0 13064 17419 21777 26129 3048.4 34839 39193
072 130 223.8 4416 662.4 8831 11039 13247 70465 17663 19671
0.77 040 3841 7652 1152.2 76363 1793.4 236S 268 6 30726 34567
0.88 133 2947 W571 8822 11762 14703 17644 27584 23525 26465

050 1.20 1664 3309 496.3 661.8 827.2 9927 11581 13236 4890
0.87 1.27 2743 50.5 8228 707970 137173 16456 19198 2194 1 24684
0.59 1.47 7689 3217 482.6 6435 804.3 9652 11260 12869 14478
0.ý6 1.33 1894 378.8 568.3 757.7 9471 1136.5 13259 15154 7708
0.44 125 1387 27775 4162 5649 6936 8324 971 7 11098 12486

0.49 1.46 1232 2464 369.6 4926 6160 7392 8624 9866 77087
077 0.95 3235 647 7 9706 1294 1617 7 19412 2264 7 26882 29118
0.63 0.82 25471 5M.3 762.4 10166 12707 15248 17790 2033 22873
0.86 049 4237 8475 1271.2 1695f 21187 2642.5 29662 239 0 3813 7
0.62 0.96 2654 0:19 763.4 1017.9 12723 762 8 17813 32W 7 22492
0.82 0.73 4433 8867 13300 17734 22167 26601 31734 356 7 391
089 112 312.9 6297 9446 12695 15744 18892 22041 25190 D 233.8
056 0.75 3057 6114 917.1 12227 I7024 824 1 21398 24455 2756 2

082 1.05 3101 6202 9303 1248 3 15504 1810.6 21706 24807 27908
0.4 0.73 223,5 447.1 670.6 8942 117.7 13413 15648 17883 2]117,
076 7.21 249.4 499 7483 997.8 12472 14967 1746,1 1796 22450
0.84 701 331.3 6627 9940 1325.3 16566 19880 23193 26606 2920
042 1.25 133 7 2673 47 0 W34.7 6684 8020 9367 70694 123]1
0.87 081 4281 06 1 12142 17122 2140.3 25683 29964 34244 387,25

069 08 312.6 6265 93 77 12503 70629 18754 21880 25006 2873 1
077 727 2427 484 2 7264 65 12106 462 7 16948 19369 2179 7
043 086 20 am 1 6I 10002 12002 74332 1603 18003
078 1 17 2646 6292 7938 1085 1322 2 15767 18623 21169 23175
082 078 44 844A7 7267 1689 4 211176 26 4 2%665 33789 3849 2

048 098 1963 3297 5860 7813 9766 11720 13673 15626 17579
076 170 277 1 71 87312 77082 13863 16624 19394 22165 21436
057 089 2645 6(80 7665 10180 12725 17270 77815 30360 225
0.1 1703 3129 6268 9387 12516 15646 18773 21902 2502 2816 0
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F tC O A M E~ dg ofArErV R AA CAN •.,AeC~bC.r, Fm At:C~ Fa Ao Fa, Ab Co fn Fa A, gConl Fa A46 Cm.nI

PidwOejid 0owý Pb~4.P* 5g6 of 765.46w 04 N.,tf f bow of 765,46. of NF65cbM of Nu764 f-w g N tIw of Num94w ofsmob,. 000. 010.01 010M otWPm Of OAM at WM Odf OM of 0 m (34 OA M c, P
,E . c c CC .CC cc c cm.

0.17 1.09 2.2 4125 618.7 824.9 10312 12374 14436 16499 I1861
0.69 104 266.9 5W1.8 797.7 1063.6 1329.5 159%4 18614 21273 23932
0.78 11I 261,2 562.3 a42.5 1124.6 14M.8 1669 1968 22492 2'204
0.42 0.73 230.2 480.3 690.5 920.7 1150.8 1381,0 16112 18413 2071 5
0.58 0.96 2473 494.6 741.9 9912 1236.5 1483.8 1731 1 19784 22357
0.61 120 200.7 401.4 6020 8027 100.4 1304 I 14047 16064 1656 1
0.86 1 11 306.4 612.9 919.3 1225.7 15322 18686 21460 24515 27579

0.46 088 2076 415.2 6228 830.4 1038.0 1245.6 14532 16607 78683
0.73 071 376.8 753.6 1130.4 15072 1884,0 22608 26376 30144 33912

0.57 1.34 1681 336.3 524.4 672.6 840. 7 10069 11770 1346.2 1513.3
0.59 0.88 268 I M&61 804.2 1072.2 142.3 1608.3 18764 2144.4 24125

0.71 0.99 284.5 56.9 8WA.4 1137.8 1422.3 17067 1991.2 2275.6 25601
0.64 1.48 1710 342.0 513.0 684.0 856.0 10260 1197.0 136800 15290

0.76 1.39 2173 4354 653.0 870.7 10684 1306 1523.8 17415 1959 I
0.68 0.74 366.8 733.6 1100.5 146T3 1834. I 220.9 256718 2934.6 33014
0.60 0.82 292.6 5562 877.8 1170.4 1463.0 17566 20482 23408 26334
0.81 1.25 266.8 513.5 770.3 10270 1228 1543 5 1797 3 2064.0 23108
0.52 1.26 165.1 330.2 495.3 680.4 825.5 M.6 1156.7 1320.7 14858

0.47 1.41 132.6 2661 397.7 530.2 662.8 79.4 927 9 10605 11930
0.90 7.46 246.3 4906 736.9 961.3 1226.6 1471.9 1711.2 1962.5 22078
0.42 121 139.0 278.0 417.0 566.0 6951 834 1 9731 11121 1251 1
0.82 091 358.2 716.5 1074.7 14330 1791,2 2149.4 2507.7 28659 32242
0.74 1 28 228.7 457.3 686.0 914.6 11433 1371.9 1600,6 18292 20679
0.87 1.09 317.0 634.0 951.0 1267.9 15849 182.9 2218.9 25259 28529
0,47 130 143.0 286.0 428.9 571.9 7149 8579 IO09 11439 12868
0.49 135 144.3 2885 432.8 517 1 7213 865.6 1009.9 1154 I 12984
0.86 0.91 376.3 752.6 1129.0 15633.3 1881,6 22579 26342 30106 3386.9
0.47 1.44 1294 268.7 38.1 517.4 6468 776A1 95 10348 1164.2
0.61 1.15 210.1 420.2 630.4 840.5 1050.6 12603 1470.8 16810 1891 1
0.64 0.82 30.6 6172 9259 1234.5 1543A 1851.7 21603 24689 27776
0.44 0.85 206.4 410.8 616.1 821.5 10269 12323 1437.7 16430 18484

0.46 0.97 1I03 380D5 570.8 761.1 95123 1141.6 13319 15222 17124
0.66 1.40 184.4 3687 553.1 737.5 921.8 1106.2 1290.5 14749 163

0.87 1.07 323.7 6474 971.0 1294.7 1618.4 194d.1 2265.7 25894 2913 1
0.83 1.36 243.5 487.0 730.6 974.1 1217.6 14611 1104.6 19482 21911

0.85 1.10 308.7 6175 926.2 1234.9 15426 1852.4 2161A 2469.8 2778.5
0.61 1.04 196.0 3920 587.9 783.9 9799 1175.9 1371,9 1567.9 17638
041 1.33 1229 245.7 368.6 491.4 614.3 737.1 860.0 982.8 11067
0.77 1.44 211.7 423.3 635.0 846.7 1068.4 1270.0 1481.7 1693.4 19M.0
0.71 0.93 303.7 607.4 911.1 1214.8 1518.5 1922.2 2125.9 2429.6 27333
0.56 1.40 156.9 311,7 467.6 623.5 779.3 936.2 1041.1 1246.9 14028
0.66 1.18 221.5 442.9 664.4 85.8 1107.3 13287 15602 1771.6 1993 1
0.80 1.42 225.2 450.3 675.5 900.6 1125.8 1361.0 15761 1801.3 20264
0.74 1.02 287.8 575.6 863.4 1151.2 1439.0 1726.9 20147 2302.5 25823

0.73 1.38 2111. 422.2 633.2 844.3 1056.4 1266.5 1477.5 16S86 I1597
0.79 1.19 266.0 530.0 795.0 1060.0 1324.9 15N9.9 1854.9 2119.9 23849
0.43 1.18 144.1 2883 432.4 576.6 720.7 864.9 10.0 1152.2 12973
0.61 1.27 191.5 383.0 574.5 766.0 957.4 1148.9 1340.4 15319 17234
0.88 1.38 263.8 5276 761.5 1015.3 1269.1 1522.9 17767 2030.6 2264.4
0.54 0.93 230.5 460.9 691.4 921.8 1152.3 1382.7 1613.2 18433 2074 1
0.68 1.46 158.4 316.8 475.2 633.5 791.9 950.3 11007 12671 1425.5
0.44 0.73 239.9 479.9 719.8 959.8 1199.7 1439.7 1679.6 1919.6 2159.5

0.60 0.84 282.2 564.5 846.7 1128.9 14!1.1 1693.4 1975.6 2257.8 2542 1
0.56 0.76 287.7 5754 863.1 1150.8 1438.4 1726.1 2013.8 23015 2589.2
0.78 0.95 327.5 66.0 982.6 1310.1 1637.6 1965.1 2292.7 26202 29477

0.47 1.21 156.0 310.0 466.1 620.1 775.1 930.1 1015.2 1242.2 13952
0.50 1.11 177.4 354.9 532.3 709.8 887.2 1064.6 1242.1 1419.5 1596.9

0.65 1.46 177.1 354.2 531.2 708.3 885.4 1062.5 1239.6 14166 15913
0.75 0,74 423.5 801.0 1201.6 1602.1 2002.6 2403.! 26M.7 32042 Wv.1"
0.78 0.82 3797 759.4 1139.1 1518.8 1896.5 2278.2 26679 3037.6 34173

0.42 0.93 181.1 362.2 543.3 724.4 905.5 1066.6 12676 1448.7 16298
0.84 0.87 3844 768.8 1153.1 1537.5 1921.9 23063 26826 30750 34594

0.64 0.84 303.3 606.6 909.9 1213.2 1516.5 1819.8 2123 1 24265 27298
0.61 095 255.6 511.3 766.9 1022.6 12782 1533 9 17895 20462 23008
0.77 1.15 267.4 534.8 802.3 1069.7 13371 16045 18719 21394 24D68
0.84 0.8 391.8 783.7 1175.5 15674 19592 23510 27429 31347 35266

0.82 1.03 314.7 629.4 944.1 1258.8 1573.6 1888 3 2203 0 2617 7 28324
0.61 0.87 277.8 555.5 83.2 1111.0 1328.8 16665 19443 22220 24998
0.56 1.10 200.1 402 00,3 20.4 1000.5 120D6 1401D 7 16018 18M09

051 1.29 156.5 312.9 469.4 625.9 782.3 9388 I065 3 12518 1408.2
0.82 1.37 233.4 466.7 7001 9324 1 6.8 14012 1633 5 18669 21002

0.62 0.99 248.3 4967 745.0 9934 12417 1490A 17384 19868 22351
0.85 0.86 394,6 789.3 1183.9 15786 1973.2 23679 27625 31572 35518
0.49 0.85 228.9 457.9 686.8 915.7 1144.6 13736 168 5 18314 20603
0.72 0.74 386.9 773.0 1160.7 15476 1934 5 23214 21063 30952 34182 I
0.80 1.00 316.9 633.7 950.6 12615 158A.3 19012 22191 25350 28518
0.77 1.30 235.4 470.9 706.3 9417 11772 14126 16480 183 4 21189

0.42 1.31 29.0 2580 3870 5159 6449 7739 8229 10319 11609
0.50 0.95 211.0 422.0 6330 844.0 10549 12069 14769 16879 198 9
0.67 7.5 232.2 4645 6967 9290 11612 13935 162517 1860 32
0.66 1.31 196.7 3934 580.1 786A8 935 11803 13770 1573 7 17704
0.44 1.36 1303 260.6 32089 5212 6615 7818 9121 10424 1172 7
0.62 1.18 2094 4189 628,3 8378 10472 12566 14661 16755 185 0
082 0.78 4600 9200 1380.0 18420 22999 27599 32199 36799 41399
0.46 1 27 1419 2&3.7 425.6 5675 7093 851.2 993• 1349 12768

047 090 2073 4146 6218 829 1 1036 4 1243,7 l1"9 16582 18665
057 1.32 1723 3445 5168 69,0 861.3 10336 1I0.8 13781 15603
043 091 1867 3734 5602 7469 9336 11203 13071 14938 16105
0.73 7 14 256.0 5101 7661 70207 12751 75302 17852 20812 2352
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kiellma1 A. Ei8.'g AajCn"F m n&4F m ~ff a m ab aAbCOoFa4 Alb 46d. Fa Alb 4 l Fý Alb C-.0 6A C-kol
Sh1.8ok ai6 *ol 010.101. 01001.2 cO0.301. ol OA f-5% o 01.60m of02 071L a 0.80%L o 901

-b P. CC - pw pm Ccý pw Rbef cc Fib ccý%- Fb ý9

0.48 094 1la3 378.6 569 7632 94116 11299 13182 15M 86948
049 0867 226,9 4517 6776 9034 11293 13566A 151110 1"A6 ~ 203
076 0.95 3176 626,2 9628 210.4 6880 1905.6 22232 2683 28684
0159 082 2t61 512.2 8682 11I4 1430,6 1716 7 2008 2288l9 26760
0,48 148 1222 264.4 396J 6289 6611 19223 9266 103678 11900
0.48 1181 160.8 3215 4823 643 1 a9 9846 11MA 12862 14469
046 1.022 1793 3687 6380 7174 8967 10761 1266A !4346 16141
045 121 1468 2Q36 440.3 68170 7638 81106 10273 11740 13208
068 lid4 2380 4759 713.9 9618 11898 14277 16667 IW0O) 21416
008 122 1902 380A 570,6 1607 9509 1141 1 13313 16216 171171
0 77 096 2213 6826 9620 12852 16065 19278 2249 1 26704 2891 7
0.61 104 23228 4665 696.3 931,0 1162'a 13%66 16293 18621 203948
0.817 082 4237 8474 1271 1 16848 21185 26422 29e669 33898 3813 3
062 102 246.9 403,8 740.6 9876 12344 1481 3 1728? 19750 22219
0.79 087 3611 7222 10823 1444A 1"36 2166.6 25277 26888 32499
0.41 147 1114 2227 3u,41 4654 56868 6681 7795 8968 100222
0.88 0.76 446,9 8928a 124D87 17876 22345 26814 31283 26762 41022
0.62 1 07 2257 471A 7071 9428 11785 14142 16499 1a8888 2121 3
0.69 091 2968 01773 8969 11948 W43 2 17919 2m 23892 26870e
0.47 0,70 2684 6368 8352 1073.6 13420 16104 18789 21473 241561
0.66 1,25 208.0 416.0 622.9 821.9 10399 12479 1456.9 16639 18718
0.67 0.99 229,8 4896 6893 9191 114.6' 13781.6 16011A 1M82 20679
0.42 106 181.9 322,7 4866 8473 W9 2 971.0 1132.8 1294,6 14565
0.78s 1.ý03 3021 604A 90682 12082 15103 18123 2114A 24164 27185
0.84 1 18 2B665 571A 866.6 1142A 14276 17132 19987 22982 26698
0.41 0.87 1870 3740O 561 1 740.1 9361 11221 13091 1496I 16832
0.42 0.88 194.1 388.1 6822 778.2 970.3 1161.4 135684 158265 17465
0.66 088 296.3 0926 888.8 1166A 14014 1777.8 20739 22702 266t
0.70 0.76 366.9 733.8 1198D,7 1467,5 1834 4 2201.ý3 256682 29361 33020
0.88 1.14 306.9 8137 920.6 1227.5 15243 1841.2 21491 245A49 27618
0.64 0.96 2228 48568 868.4 8913 1114.1 13369 16697 17825 203
0.88 082 416.8 8337 1250.5 1667.3 20841 2601.0 29178 33346 37515
0.42 0.86 194.8 3819,6 684.4 779,2 974.0 11688 13636 16683 17631
0.58 1.60 157.2 314.4 471.6 629.8 786 9 943.1 110103 12765 14147
0.61 137 149.3 296.6 444ý9 683.2 741. 889S. 7 1038.0 11883 324U6
0.97 079 437.6 876.1 131286 1750.1 21877 26262 3062.7 35M3 3937.8
0.46 1.40 129.3 268h 387,9 5172 646.5 7768 91051 1034.5 11638
0.46 1.01 1811 3 6265 643.8 726.0 90&63 10875 1 1268.8 14500 1831 3

A99m30e9 249 1 499 1 749 998 1247 1 1497 1 1746 1996 24
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SPREADSHEET FOR CALCULATION OF AIRBORNE ASBESTOS FOR ROOM 35 ° 25- 8V FOR VARIOUS
CONCENTRATIONS (0 I to 0.9%) OF ASBESTOS FIBERS IN ACJC.

INPUT VARIABLES CALCULATIONS FROM INPUT VARIABLES I
35*W Dkpww R (F) 19624 Room Vc•o in Cubi Cenwnemf

w : Foolaog. of Romt • WaI A..fo t A. otý t R. i. Sc Ca r C-t4
9 j0 ACiA I o wt (Sq FT) QM Dom Rat. in Squ Cmn.twm t p, h
IO DtI,5k got* (Sq Fill*) 9 Told lim, to DTto"h QV)

ACJC Avp&=c Rot. (g8/3600 Sq Ft of al) 5.76 Goiw of ACJC Appled to Wa8
21016 utc CwW6tt.tt.1o ACJC Appd to Mick

S6M-0 Itb, Vc'u' **,8 ACJC, Bocd mt -n E-et Dktdoua, ot dt,

5.66 7. & at 9 n*m lmtt in Wnt eoch holnVg an ampct folio of 3 0o I (co)

.mctolt of rEo, o kAfhn ForAt3 ,A6t A CootAbCmon5 Ab • ,~bConmttAn Ciiot A C~• oCt.'A3o Contm rA8bCnt ,A4bC~oten

Swelrock 001009 of 0. 10I of0.20% oft0.3US of0438. of.0in. 010608. 01077m of0568.. of 9m8
114-viaod Roa, NutM4, o Nur6 .1 Nufnob of Number of Nombem of Numb1 , of Mum8 of Numbw, of Nurw of

FIt,.. pU Fl. pw Fibtm pU Flt,.t pw tlb -p pP Flb PU oPU Flom g I p
OE - ~ 0C CC CC mc -- CC ccccc

0.40 0.79 173.2 346.3 619.5 692.6 866.8 t038.9 1212.1 13862 166.4

0,5a 123 160.5 320.9 481.4 641,8 802.3 962.7 1123.2 1253.6 1444A
0.63 0.88 243.4 456.6 730.2 973.6 1217,0 14tD.4 1703.8 1947.2 21906
0.62 1.36 1571 314.1 471.2 628.3 7863 942.4 1099.4 1256.6 14136
0.83 0.74 382.9 766.9 1148.8 1531.8 19147 22977 260.6 3063.6 3446.6
0.48 0.86 189.4 378.8 6681 757.5 946.9 1136.3 1325.6 1515.0 1704.4
0.43 0.76 193.0 386.9 578a9 771.8 964.8 1167.7 1350.7 1643.6 17366
0.61 110 187.7 376.4 563.1 750.8 938.6 1126.2 13139 1501.6 1689.3
0.64 1.17 1M6.7 371.4 567.1 742.8 928.5 1114.2 12909 1486.6 1671.3

0.61 0.80 263.0 525.9 788.9 1061.8 1314.8 1577.8 184.7 21037 23667
0,90 1.35 227.3 454.6 681.9 909.2 1136.4 1363.7 1591.0 1818.3 20456
0.46 0.99 296.8 6915 587.3 1)83.0 1478.8 1774.5 2070.3 2366.1 2661.8
0.43 1.43 102.6 206.3 307.9 410.6 513.2 616.9 718.5 821.2 923.8
060 0.74 233.0 466.9 698.9 931.8 1164.8 1397.7 1630.7 1863.6 20966
0.76 1.22 212.6 425.2 637.8 8W0.4 1063.0 1275.6 1458.2 1700.68 1913.4
0.73 084 293.4 6586.7 856.1 1173.4 1466.8 1760.1 203.6 2346.8 264.2
0,40 0.72 191.8 382.7 575.5 767.3 969. 1151.0 1342.8 1534.6 17264

0.66 0.96 194.0 385.1 6582.1 776.2 970.2 1164.3 1358.3 15624 17464
0.56 I.', 137.4 274.8 412.2 W49.7 687.1 824.5 961.9 1099.3 12367
0.48 LVS 151.7 30.4 456.1 606.8 768.5 910.2 1061.9 1213.6 1366.3

0.69 1.21 193.9 387.8 6581.7 775.5 969.4 116W.3 1357.2 1551.1 1745.0
0.84 1.16 245.0 489.9 734.9 979.8 1224.8 1469.8 1714.7 199.7 2204.6
0.89 1.46 209.2 418.5 627.7 8369 1046.1 1255.4 1464.6 1673.8 1883.0

0.6 1.07 183,3 366.7 60.0 733.3 916.7 1100.0 1283.4 1466.7 1650,0
0.59 1.42 142.9 28.7 428.6 571.4 714.3 867.2 100I.0 1142.9 1266.8
0.67 1.14 20.4 40D.8 601.2 801.6 1002.0 1202.4 1402.8 1603.2 183.7

0.85 1.11 260.4 526•9 781.3 1041.8 1302.2 1562.7 1823.1 20635 2344 0
0,49 078 215.5 4310.O 646.6 862.1 1077.6 1293.1 11S8.6 1724.2 1939.7
0.45 1.37 61.7 323.4 486.0 646.7 8W6.4 970.1 1131.8 1293.4 145& 1
0.83 1.49 190.9 381.8 572.6 763.5 964,4 114M.3 1336.2 16270 17179
0.77 1.01 259.9 519.9 779.8 1039.8 1299.7 1569.7 1819.6 20796 23395

0.81 0.93 331.2 662.5 993.7 1324.9 1656.1 1967.4 2318.6 2649.8 2981.0
0.42 1.25 113.3 226.6 339,9 453.2 566.5 679.8 793.1 906.4 1019.7

0.88 1.24 242.5 485.0 727.5 970.1 1212.6 14661 1697.6 1940.1 2182.6

0.48 0.85 203.3 4D6.5 609.8 813.1 1016.3 1219.6 1422.9 1626.1 1829.4
0.42 1.37 103.5 207.0 310.6 413.9 517.4 620.9 724.4 827.9 9314
0.52 0.74 2383 476.6 714.9 953.1 1191.4 1429.7 1665.0 1936.3 2144.6
0.44 0.91 166.5 333.0 499.6 666.0 832.5 998.9 1165.4 1331.9 1496.4
08. 0.89 377.5 756.0 1132.5 1610.0 1887.5 2265.1 2642.6 3020.1 3397.6
0.42 1.06 136.0 272.0 40.1 544.1 680.1 816.1 962.1 1068.2 1224.2

0.84 .43 201,4 402.7 604.1 806.4 1006.8 1208.1 14W5 1610.8 1812.2

0.84 0.77 373.3 746.5 1119.8 1493.1 1866.4 2239,6 2612.9 2986.2 33594
0.72 1.30 189.2 378.5 567.7 757.0 946.2 1136.5 1324.7 1514.0 1703.2
0.77 0.80 329.2 665.4 987.6 1316.8 1646.1 1975.3 2304.5 2633.7 2962,9

0.88 12 252.1 604.1 756.2 10082 1260.3 1512.3 1764.4 2016.4 2268.5
0.50 1.20 141.8 253.6 425.4 667.2 70.0 850.9 992.7 1134.5 12763
0.57 1.27 236.1 470.2 705,2 940.3 1175.4 1410.5 1645.6 1656.7 2115.7
0.59 1.47 137.9 275.8 413.6 561.5 689.4 827.3 966.2 1103.1 124D.9
0.63 1.33 162.4 324.7 487.1 6494 811.8 974.2 1136.6 1296.9 14612

0.44 12.6 118.9 237.8 356.7 475.6 69465 713.5 832.4 9513 10702
0.85 1.46 106.6 211.2 316.8 422.4 680 633.6 739.2 844.8 950.4

077 0.96 277.3 564.6 831.9 1109.2 1386.6 1663.9 1941.2 2218.6 2495.8
0.53 083 217.8 435.7 653.5 871.3 1089.2 1307.0 1524.8 1742.7 1960.5
0.86 0580 363.2 726.4 1069.6 1452.9 1816.1 2179.3 25425 2905.7 328.9
0.62 0.96 218.1 436.2 684.3 872.5 1090.6 1308.7 15268 1744.9 1963.0

0.82 0.73 380.0 760.0 1140.0 1520.0 1900.0 2283.0 2660.1 3040.1 3420.1
0.89 1.12 269.9 639.8 W9.7 1079.6 1349.4 1619.3 18W92 2159.1 24290
0.5 0.7 262.0 524.0 75.0 1048.1 1310.1 1672.1 134. 1 2096. I 23581
0.82 1.06 265.8 531.6 797,4 1063.2 1328.9 1594.7 1860.5 21263 2392.1

0.41 0.73 191.6 383.2 574.8 766.4 958.0 1149.6 1341,3 1532.9 1724.5
0.76 1.21 213.8 427.6 641.4 866.2 1069.1 1282.9 1496.7 1710.5 1924.3
0.814 1.01 284.0 668.0 852.0 1136.0 143.0 1704.0 1968,0 2272.0 25560
0.42 1.25 114.6 229.2 343.7 4658.3 5729 687.5 802.0 916.6 1031.2
0.87 0.81 366.9 733.8 110D.7 1467.6 1834.5 2201.4 2568.3 2932.2 3302.1
0.69 0.88 267.9 25.8 803.8 10717 1339.6 160765 187564 2143.3 2411.3
0.77 1.27 207.5 415.1 622.6 830. 1 1037.6 124582 1452.7 1660.2 1867.8

0.43 0.86 171,6 342.9 514.4 685.8 857.3 1028.7 120D.2 1371.6 1643.1
0.78 1.17 226.8 453,6 600.4 907.2 1134.1 1360.9 16877 1814.5 2041.3

0.83 0.78 3620 7240 1086.1 1448.1 1810.1 2172.1 2634.1 28962 32582
0.48 0.96 167.4 334.8 602.3 669.7 837.1 1064.5 1172.0 1339.4 1506.8

0.76 1.08 23765 475.0 712.4 949.9 1187.4 1424.9 1662.4 I8999 2137.3
0.57 0.89 218.1 436.3 664.4 872,6 1090.7 130.9 1527.0 1745.1 7633

0.81 1.0 2682 536.4 8046 1072.8 1341.0 1609,2 1877.3 21M.5 2413 7
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Ffc•ol AoEwhng FaAmibole /•Curt~~bor4•'•uoA~iConie• bC, one"rFýAContwF.e• F A.obntm Cofan, onu ,Axb onWýF. A.bonkwý

0.57 I.09 176,8 363.5 530.3 /071I 8839 I PM0.6 12374 I 14142 15909

0.h@ 1.0.4 2271 466-8 6538 911 7 1139,6 1367 5 1596A Ia2n 4 2061 3
0,78 111I 241.0 4192.0 72.0 964.0 12M9 14459 16569 19279 21689
0.42 0.73 1973 394.6 A)'9 9 7891 9864 1 M£ 7 1381,0 la783 17756
0.59 0.96 212.0 423.9 635.9 8479 10599 1271 8 14818 1696.8 19078
0.61 1 20 172.0 34t0. 516.0. 680 860.0 1032.0 12041 13761 lw 1N
0.85 11I1 262.7 525.3 IWO1 1060.6 13133 1575.9 M386 2101 3 2363 9
0,46 0 88 177,9 366,9 533.8 111 7 M89 7 1062.6 1245ý6 I1423.5 1601l4
0.73 0 77 323.0 6115.9 %8,9 1291 9 16149 19378 2260,8 25M 8 2906,8
0-57 1 34 144.1 2683 4324 576,5 M2.6 864.8 10089 1163.0 12971
0.59 0.88 229 8 459 5 689,3 919.0 I 148.8 1378.6 I1609.3 Mal8 2067 8
0.71 0.99 243.8 4876 731 5 9751 12191I 1462,9 1706,7 1950.5 21944
(164 14B 146,6 293.1 4397 5ft,3 732,8 879.4 1026.0 1172,6 1319 I
0. 76 1 39 1866.6 373.2 559.8 746.3 932.9 1 119's 1306 1 14927 1679 3
0.46 0.74 314.4 629A8 943.3 1257 7 1672A )a 586 2209 2'515 4 2629 8
0.60 0.82 260.8 501A6 762A 1003 2 1254 0 15fld 8 1756,6 206 4 2257 2
0.81 1.26 220. I 441D. 1 660.2 8801 1100D 4 1320A 1540,5 1760,6 1980 7
0.52 1.26 141.5 263 0 424,5 566.0 7076 w 4 1 990.6 1132 1 1273 6
0.47 1.41 113.6 2272 340,9 454,5 W681 6513 MA5. 9090 1=•26
0.90 1.46 210,3 420.5 630.8 841.1 1061,3 1261.6 14719 I•2 2 1892A
0.42 1 21 119.2 238.3 357.5 476.6 ,595A 714.9 83t 1 9532 1072 4
0.82 0,91 307 1 614.1 921 2 1226.2 15M5 3 1842A 21494 24S&.5 2763 6
0. 74 1.25 IWO. 392.0 588.0 784.0 979.9 I1175 9 1371 9 1567 9 1763 9
0.87 1.09 271 7 543A4 815. I 1056.8 13586 16M•.2 1901.9 2173 6 24453
0.47 1.30 122h6 2416. 1 3677 490.2 612.8 7361 857,9 90,5 1103,0
0,49 1.35 123. 7 247.3 371.0 4914.6 618.3 741 ý9 866.6 •9892 I1112 9
0,86 0.91 322.6 645.1 9673 129M.2 16128 1935,4 2257,9 25,-5 29010
0.47 1.44 110.9 221,8 332t 443.5 56•4.4 646.3 776 1 8870 9979
0.61 1.15 180.1 360.2 W4.3 720.4 900D.5 1080.6 1260.7 1440.8 1620 9
0.64 0.82 264.5 529.1I 793.6 1•08, I 1322.6 1587.2 1861 7 2116.2 2380.8
0.44 0.85 176.0 352.1 5m8,1 704.2 8a0.2 1056.2 1232.3 14081 1584.4
0.46 0.97 163.1 326.2 489.3 652.4 815.4 978.5 1141.6 1304.7 MIA7
065 14AD 158.0 316.1 474.1 632.1 790.1 948.2 11036.2 1264.2 1422,2
087 1.07 277.4 554.9 832.3 1109.8 13872 1664.6 1942.1I 221t95 2496 9
0.A6 1.36 20837 417.5 626,2 834.9 1043.7 M22.4 1461.1I 1669.9 1878 6
0.85 I. I0 264.6 5W9.2 793.9 1068.5 1323.1 1587.7 1852A 2117.0 2381,6
0,51 1.0.4 168.0. M 0 S04.0 671.9 839.9 I007ý9 1 175.9 1343.9 1511 9
041 1.33 106.3 210.6 315.9 421.2 526.5 631.8 73T. 1 842A 947 7
0.77 1.44 181.4 362.9 544.3 725.7 907.2 1088.6 1270.0 1451.5 1632,9
0.71 0.93 260,3 520.6 780.9 1041.3 1301]I.6 I561.9 18222 2052.5 2342.8
0.55 1.40 133.6 267,2 400.8 534.4 668.0 801.6 936.2 1060.8 1202A
0.66 I. 18 189.8 379.6 569.5 759.3 949. I 1138.9 1328.7 1518.5 1708 4
0,80 1.42 193.0 ,386,0 579.0 772.0 9650 I 158.0 1351,0 I144.0 I173703
0.74 I.02 246.7 493A4 74/3.1 %65.8 1233.5 1480.2 1726,9 1973.5 2220,2
0.73 1.38 180.9 361.8 542.8 723.7 904.6 1085,5 1266.5 1447 4 1628,3
0379 I. 19 227.1 454.3 681.4 908.5 1135.7 1362.8 15$89.9 1817 1 20442
0.43 1.18 123.6 247.1 370.7 494.2 617.8 741.3 864.9 988.4 1 112.0
0,61 1.27 164.1 320.3 492.4 656.5 82037 964.8 1148.9 1313.1 1477,2
0.88 1.38 217,6 435. l 652. 7 870.2 1087.8 130564 152Z.9 1740.5 1958,0
0.54 0.93 197.5 395. 1 592.6 790.1 987.7 1185.2 13823 1590.3 17778
0.58 1.46 135A8 271.5 407.3 543.0 678.6 814.6 M5.3 1086A 1221,8
0.44 0.73 205.7 411.3 617.0 822.7 1028,3 1234,0 W49.7 1645.3 18510
0.60 0.84 241.9 483.8 725.7 967.6 12D9.5 1451.5 1693.4 1936.3 2177,2
0.55 0. 76 246.6 493.2 739.8 986.4 1232.9 1479.5 1726.I 1972.7 2219.3
0.78 0.95 280.7 5$61.5 B42.2 1122.9 1403.7 1684.4 19651I 2245.9 2526b
0.47 1.21 132.9 265.8 398h. 531.5 664.4 797.3 930. I I063.0 11959
0.50 I.II 152.1 30d,2 466.3 608,4 760.6 9125 1064.6 1216.7 1368,8
0.66 1.46 151.8 303.6 456.4 607.1 758.9 910.7 1062.5 1214Z3 1366.1
015 0.74 343.3 686.6 1029.9 1373.2 1716.5 2069.8 24D3.1 27416A 30091
0.78 0.82 325.5 650.9 976A4 1301.8 1627.3 1952.8 2278.2 26037 2929.1
0.42 0.93 156.2 310.4 465.7 620.9 776.1 931.3 1086.6 1241.8 13970
0.84 0.87 329.5 668.9 968.4 13)7.9 1647.3 1976.8 230&,3 2635.7 2*652
0.64 0.84 260.0 520.0 779.9 1039.9 1299.9 1559.9 18198 2OV9.8 2339.8
0.61 0.95 219. I 438.3 657.4 876.5 1095.6 1314.8 I5339 1753.0 1972 1
0.77 1,15 229.2 458.4 687.6 916.9 1t46 1375,3 1604.5 1 B33,7 20629
0.84 0.86 335,9 671.7 1007.6 1343.5 1679,3 2015.2 2351.0 2696.9 3022.8
0.82 1.03 269.8 539.5 8W9.3 1079.0 1348.8 161a.5 1888.3 2158,0 242T8
0.61 0.87 238.1 476.2 714.2 952.3 1190.4 1428.5 1666.5 1904.6 2142.7
0.56 1.10 171.5 343.0 514.6 686.1 8547,6 1029.1I 120]0.6 1372A 1 537
0.51 1 29 134.1 268,2 4D2.3 ,536.5 670.6 8D4.7 9388 1072,9 12070
0.80 1.37 20D.0 400.0 60D.1 I Bo.) 1000.1 1201D.1 1400.2 1600.2 :800,2
0.62 0.99 2129 425.7 638.6 851.5 1064.3 1277.2 1490A 1702,9 1915b
0.46 0.86 3.38.3 676.5 1014.8 1363.1 1691.3 2029.6 2367.9 2706A1 3,A•4.4

0.49 0.85 196.2 392.4 me. 7 784.9 981.1I 1177.3 1371.6 1569.8 17,660
0.72 0.74 331.6 663.2 994.9 1326.5 1658.1 1999.7 2321.4 2663.0 2M4,6
0.80 1.00D 271.6 543.2 814,8 1056.4 1358.0 1629.6 1901.2 2172.8 "s444A4
0.77 !.30 2D1,8 403.6 605.4 807.2 1009.0 1210,8 1412.6 16144 1816.2
0.42 1 ý31 110.6 221.1 331.7 442.2 662.8 6634 773.9 884,5 995,0
0.50 0.96 180.8 361.7 542.5 723.4 904.2 1086.1 1266.9 1446.8 1627.6
0.67 1.15 199A1 398.1 597.2 796.3 995.4 1194.4 1393.5 1592.6 1791.6
0.66 1.31 168,6 33712 5M,8 674 4 943.0 1011 6 1180,3 1348,9 1517 5
0.44 1.36 111.7 223.4 M3.0 446.7 568.4 670A 781 8 893.4 1005.1
0,62 1,18 179.5 359D 538.6 718,1 897.6 1077A 12'56.6 143&2 'Al r./

a90 0.78 394.3 78&6 1182.8 1577A1 1971.4 2366 7 2759.9 31542 3W4.5
0.A5 1.27 121 6 243.2 UM4 486.4 6M.0 729.6 85112 972 8 1094 4
047 0.90 177.7 366.3 533,0 7101 48W3 1046.0 12437 1421.3 I5990
0.57 1.32 147 7 295,3 4410 5906 738.3 am 9 I10336 1181 2 1328 9
0.43 0.91 160.0 320A1 490 1 640.2 8W.2 960ý3 1120 3 1280.4 1440 4
0. 73 1. 14 218.6 437.2 6/5,8 874.4 1093.0 13116 15M0 2 17488 1967 4
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rocm.- do Ab Ewhr, Fo ;/b Calb F Asb CaOn nFa AlbCiftn FaAs :•CO,2 Fa Amb Cdo" F- AmbC,0w Fa, Amb CoffwbFaA~lbC.r,Ow . Amb Cas w

I I.6o.. 6.oE of O. , o0 04oro of 0.3M og.,.f .5OL8 ot0O.60 olm O7 OA0 o01.90%.
Plkcssd Doom Nufrbw CO N4nvd6 Of 8.460 o4 Num

6
6,0at Nu04 al 0 8bw f m of 04 46, of4 Nrn40bw 0

FPtws OW 4851 1W Rbam w 8 54m 1:W Fbm.s 48bm pO w 6 c P. R p- Rwm pw
- C C CC cc CC a : cc occc Cc

0.45 0.94 161.4 322.8 484.2 646.6 807.0 9685 11299 12913 14627
0.48 0.87 193.6 387.2 534.8 774A 966.0 1161 5 4361 s5m47 17423
0.76 0.95 272.2 544.5 616.7 (36.9 1361.2 1633,4 19U6.6 21779 24501
0.59 0.82 246.2 480.5 735.7 W40 12262 1471.4 1716.7 49619 2207
0.49 1.44 113.3 226.7 340.0 463.3 566.7 6900 7933 97 M0O
0.48 418 1378 275.6 4V3.4 56142 699.0 8268 9646 11•24 1240.2
046 4.02 153.7 307.4 4M1.2 614.9 768.6 9223 10764 12298 13835
0.45 1421 125.8 2516 377.4 5M3.2 6289 1547 6.5 10063 11324
0.68 1.14 204.0 4079 611.9 815.9 1019.8 12238 14277 16317 48357
0.59 1.22 163.0 32,1 n 489.0 66241 8151 978.1 U41 1 1304.1 14167
0.77 0.96 275A4 50.8 826.2 1101.6 13770 1662.4 19278 2032 24789
0.61 1.04 199.5 399.0 5985 796.0 997.5 1197.0 1396.5 1596.0 17W86
0.87 0.82 363.2 72.3 149.5 1452.7 1815.9 2479.0 25422 290S4 32686
0.63 1.02 211.6 423.2 634.8 8464 1068.1 1269.7 1481.3 1692.9 19045
0.79 0.87 309.5 6490 928.5 1238.0 1547.6 1867.4 2166.6 2476.1 2785.6
0.41 147 96.4 490.9 286.3 381.8 477.2 572.7 668.1 7636 859.0
0.85 0.76 383.1 766.4 114942 1532.2 1915.3 2298.4 2681.4 30645 34476
0.63 1.07 202.0 434.0 6064 w 1 1010.1 12124 141442 1616.2 1818.2
0.69 0.91 256.0 512.0 768.0 4823.9 12799 1535.9 17919 20479 23039
0.47 0.70 230.1 48041 602 92.3 4150.3 1390.4 1610.4 1840.5 20706
0.66 8 .25 178.3 356.5 534.8 7131 891.4 1069.6 12479 14262 14044
0.57 0.99 196,9 393.9 5%98 787,8 984.7 1181.7 1378.6 1575.6 17725
0.43 4.06 138.7 277.4 41641 54.8 693.6 832.3 971.0 11097 12484
0.78 1.03 258.9 517.8 776.7 1035.6 1294.5 1553.4 1812.3 2071 2 23304
0.84 1418 244,7 489.5 734,2 979.0 1223.7 1468.4 17132 19579 22027
0.41 0.87 160.3 320.6 490.9 6442 801.5 961.8 1122.4 1282.4 14427
0.42 0.86 166.3 332,7 499.0 665.3 831.7 998.0 1164.4 I3M0.7 497.0
0.66 L0.8 2539 507.9 761.8 1015.8 269.7 4523.7 1777.6 203146 2"265
0.70 0.75 31445 628.9 943.4 257.9 1572.4 4886.8 2201.3 2515.8 28302
0.88 1.14 263.0 526.1 789.1 1052.1 1315.2 1578.2 1841.2 21042 23673

0.54 0.96 1910 382.0 573.0 763.9 964.9 1485.9 13369 15279 17189
0.86 0.83 357.3 714.6 1071.8 1429.1 1786.4 2143.7 2501.0 258.3 3215.5
0.42 0.86 167.0 333.9 542.9 667.9 &348 1001.8 1168.8 13357 4502
0.59 1.50 134.7 269.5 404.2 538.9 673,7 6804 943.1 1077.9 12126

0.51 1.37 127.1 254.2 381.3 504 635.5 762.6 889.7 10169 1144.0
0.87 0.79 375.0 750.1 1125.1 1500.1 187541 2250.2 2625.2 3000.2 3375.2
0.46 4.49 110.8 221.7 332.5 443.3 564.2 666.0 775.6 886.7 9975
0.46 1.01 155.4 310.7 466.1 621.4 776.8 932.2 1087.5 12429 1395.2

AwPoget 214 428 642 855 1069 1283 1497 1711 1925
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SPREADSHEET FOR CALCULATION OF AJRBORNE ASBESTOS FOR ROOM 40A 256 8. FOR VARIOUS

CONCENTRATIONS (0.1 to 0.9%) OF ASBESTOS FIBERS IN ACJC.

INPUT VARIABLES CALCULATIONS FROM INPUT VARIABLES I
D8.t48831.a oo(Rt) 22666M Room VIciu" I n l Cer tms

am CAj ic Foolg. of Rt 966160 WC* I 0 Roo .t S% r CaWttbno
0D Wal Meo Rot (a FT) 9ww ODtt Ra t m .Sqt CArdiwtl po ho.
too wnlfm Raft (Sq FI/t) 1o0. lotme T to 0smaW, Mv)

ACJC A•9Icaon Raft (ga/3 Sq 71of a 6,24 Gco- ao AC..C AWWed to Wab

Cubi Cenitteln of ACJC Ap49td So Wall
1481F0bw Von ww. ACJC, Stýd o an w Ev Dm136ut.n of 4t•

5. & 7. 8, and9 .~tw6 WIt I eachi ltoc- cpe ct rah. ofa 3 to 1Icc

oI 8Air Ec.ng Fat A . r C on a A F Abd F Al Cotml Fu Ad•' ý, • Amb ConWen Ad, A4 Ab C Ad. 86 C o, ent
Su.8oka Rote oa oa0.107. o 0.201L dt0309. dt 0.4@. of if of 0 6. o0 070m. o00.lO. ot g.16
Piveond Room Nufmw of Nurn. ot Num. of Nm46 t of Nkrnl. of Numita o f pan,9 o .10* o I Num0ý o

t4n Fpb.1 pw 7bm pw Fob- p. Fibeý,po . 128 RIbe pw 18. p. Iten p.
- j o cc cc cc c -

0.40 0.79 161. 303.0 464.5 W6.0 757.5 90.19 1060.6 1212.1 13636

0.58 1.23 140.4 290.8 421.2 661.6 702.0 842.4 982.8 1123.2 12636
0.63 0.86 213.0 426.0 638.9 861.9 1064.9 12779 1490.8 1703.8 1916.8
0.62 1.36 137.4 274.9 412.3 49.7 687.2 824.6 962.0 )0P94 12369
0.83 0.74 336.1 6702 1006.2 1340.3 1675.4 2010.5 2345.5 265W6 30157
0.48 0L86 16.7 331.4 497.1 662.8 828.5 994.2 119.9 1325.6 14913

0.43 0.76 168.8 337.7 506.5 675.3 8a4.2 1013.0 1181,8 1350.7 1519.5
0.61 1.10 164.2 328.5 4927 666.9 821.2 964 114.7 1313.9 14781
0.64 1,17 162.5 325.0 487.5 699 812.4 9749 11374 1299.9 14624
0.61 0,96 230.1 460.2 690.3 90.4 1150.5 1380.6 1610.6 184.7 2070.8
0.90 1.35 198.9 397.8 96.6 95 . 99.4 1193.3 13921 191.0 17899
0.86 0.99 258.8 517.6 776.4 1036.1 1293,9 1562.7 1811.5 2070,3 23291
0.43 1.43 89.8 179.6 3696 369.3 4491 538.9 628.7 718,5 804
0.50 0.74 203.8 407.7 611.6 815.3 1019.2 1223.0 14268 16307 18346
0.76 1.22 186.0 372.1 568 I 744. 1 930. I 1116.2 13022 1488,2 16743
0.73 0.84 256.7 513.4 770.0 10267 1283.4 15M.1 1796.8 2063.5 23101
0.43 0.72 167.8 3356.7 03A 671.4 8392 107 1 1174.9 13428 15106
0.55 0.96 169.8 339.6 5A94 679.2 849.0 10188 118.5 1358.3 528. I
0.56 1.40 120.2 243.6 36067 481.0 6012 7214 841.7 961.9 10522

0.48 1.02 132.7 265.5 3982 30.9 663.7 796.4 929.2 1061.9 1194.6
0.69 1,21 169.7 339.3 509.0 678.6 848.3 10179 11876 1357.2 15269

0.84 1.16 214.3 428.7 643.0 8674 1071.7 1286.0 1500.4 1714.7 1939 I
0.89 1.46 183.1 366 I 549.2 732.3 915.4 1098.4 1281.5 1464A 16477

0.58 1.07 160.4 323.8 481.3 641.7 802,1 962.5 11229 1263.4 14438
0.69 1.42 12.0 290.0 375.0 SM.0 625.0 750.0 876.0 1030.0 1125.0
0.67 1.14 175.4 3W.7 526.1 701.4 876.8 1052.1 1227.5 142.8 1578.2
0.86 1.11 227.9 466.8 683.7 911.5 1139.4 1367.3 156.2 1823.1 2051.0
0149 0.78 188,6 377,2 566.7 754.3 942.9 1131.5 1320 1 15M.6 1697.2
0.65 1.37 141.5 282.9 424.4 566.9 707.4 848.8 990.3 1131.8 1273.2
0.83 1.49 167.0 334.0 501.1 668-1 836.1 1002.I 1169.1 1336.2 1503.2
0.77 1.01 227.5 464.9 682.4 9M7.8 1137.3 1364.7 1592.2 1819.6 2047.1
0.81 0.83 289.8 579.6 869.5 159.3 14491 1738.9 228.8 23186 26084
0.42 1.25 99.1 198.3 297.4 3966 495,7 694.8 694.0 793.1 892.2
0.88 1.24 212.2 424.4 636,6 8488 1061.0 1273.2 1485.4 1697.6 19998
0.48 0.`0 177.9 356.7 533.6 711.4 89.3 10671 1245.0 14229 1600.7
0.42 1.37 90.5 181.1 271.6 362.2 4523 543.3 633.8 724.4 814.9

0.52 0.74 208.5 417.0 62565 834.0 1042.5 1251.0 1469,5 1668.0 18765
0.44 0.91 145.7 291.4 437.0 582.7 728.4 874.1 1019.8 11664 1311 1
0.88 0.80 330.3 660.6 991.0 1321.3 1651.6 198I.9 2312.2 26426 2972.9

0.42 1.06 119.0 238.0 367.0 476.1 6961 714.1 833.1 9621 1071 1
0.84 1.43 176,2 352.4 528.6 704.7 89.9 1067.1 1233.3 1409.5 15667
0.84 0.77 326.6 663.2 979.8 1306.4 16313.919.7 2286.3 26129 29395
0.72 1.30 165.6 331.2 496.8 662.4 827.9 993.5 1159.1 1324.7 1490.3
077 0.80 288.1 576.1 864.2 1152.2 1443.3 1728.4 2016.4 2304.5 292.35
0.88 1.20 220.5 441,1 661,6 882.2 1102.7 1323.3 15428 1764.4 19849
0950 1.20 124.1 248.2 372.3 496.3 6204 744.5 88.6 992.7 1116.8
0.87 1.27 206.7 411.4 617,1 822.8 1028.6 1234.2 14399 164&6 1961ý3
0.59 1.47 120.6 241,3 361.9 482.6 03.2 723.9 844.5 965.2 1086.8

0.63 1.33 142.1 284.1 426.2 568.3 710-3 862.4 994.5 1136.5 12786
0.44 1.25 104,0 208.1 312.1 416.2 520.2 624.3 728.3 832.4 936.4
0.45 1.46 92.4 184.8 277,2 369.6 462.0 564.4 646.8 739 2 831,6

0.77 0`95 242.6 48563 727.9 970.6 1213.2 146.69 1698.5 1941.2 2183.9
0.53 0.83 190.6 381.2 571.8 762.4 9630 11436 1334.2 1524.8 1715.4
0.86 0.80 317.8 635.6 963.4 1271.2 168.1 1906.9 2224.7 2542.5 2860.3

0.62 0.96 190.8 381.7 572.5 763.4 954.2 1145.1 1335,9 1626.8 17176
0.82 0.73 332.5 666.0 997.5 1330.0 1662.5 1995.0 2327.6 2660.1 2092.6
0.89 1.12 236.2 472,3 708.5 944.6 1180.8 1416.9 1653.1 1889.2 212M 4

0.68 0.75 229.3 458.5 687,8 917.1 1146.3 1375.6 1604.9 1834.1 206,1

0.82 1.05 232.6 465.1 697.7 930.3 1162.8 1395.4 1628.0 18605 293 I
0.41 0.73 167.7 3.3 53M.0 670.6 838.3 105.9 1)73.6 1341.3 15W,9

0.76 1.21 187.1 374.2 561.3 748.3 935.4 1122.5 1309.6 1496.7 1653.8
0.84 1.01 248.5 497.0 74565 994.0 1242.5 1491.0 17396 19880. 2236.5
0.42 1.25 100.3 200.5 30D.8 401.0 501.3 601.5 701.8 89.0 9023
0.87 0.81 321.0 642.1 96321 1284.2 1606.2 1926.3 2247.3 2568.3 28894
0.69 0.88 234.4 468.9 703.3 937.7 1172.1 1406.6 1641,0 1875.4 219.9
0.77 1.27 181,6 363.2 544.8 726.4 907.9 1099.5 12711 1452.7 16343
0.43 0.86 150.0 300.0 450.1 6100.1 7501 900.1 10502 1200.2 13962
0.78 1.17 198.5 396.9 596.4 793.8 992.3 1190.8 1389.2 16877 1786.1

0.83 0.78 316.8 633.5 96.3 167.1 1653,8 190.6 2217.4 2534.1 28509

0.48 0.98 146.6 2930 439.5 586.0 732.6 879.0 1025.5 1172.0 1318.4
0.76 1.09 207.8 415.6 623.4 831.2 10390 1246.8 14.6 1662.4 1870.2

0.57 0.89 190.9 381.7 572.6 76365 954.4 1145.2 1336.1 1527.0 17179
0.81 1.03 234.7 469.3 7040 938.7 1173.3 14080 1642.7 1877.3 21120
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R.OCM 01 Air g b A• F C .b AlbC-n.0 I. bCon." A45 Fa Alb946 ftFa Al gb .
sw.80017 8LAOI Of .8 o0.2m~ .10.3D olOADI 8I o o765 of.W 0 MILL .10OF%. ol 826
P Rkv~md oom 96r 01 96s'85,w of NurdM 01 -•(humt N01 ura,)1 7rni46 Nu0 r, of 96 N51.b. ,I0 ox7.w 01of

76.o Fb. p Fib-. 1 :Fbm p. Ibm p. Fib- P. Fg t 78. P. Fi . Hb p-.

0.57 I 09 5417 30.4 464.0 6181 7734 938 1 1012 7 2374 13921
0.69 I04 799.4 3M69 56.3 797 7 72 :196.6 1396,0 594 1A94 9
0.78 1 77 2109 421.7 632.6 843.5 10543 26652 4761 6•669 16
0.42 0.3 12 6 34&3 5179 690.5 8631 1035.8 12054 13810 I5036
059 0.96 1865 37110 56.4 7419 9274 11129 12963 1438 6693
0.61 1,.0 1 0.5 3010 4615 6020 7525 9030 10635 1234 13 346
0.86 I 11 229.8 4596 689.5 9193 1149 1 137189 1 . 13.8 6 2MO.4
0.46 0.88 1563 311.4 46; 1 622.8 7785 9342 1i999 1245.6 1401 3
0.73 0.77 282.6 5662 841.8 1130.4 1413.0 16966 19782 2260.8 23 4
0.50 134 126.1 2522 318.3 504.4 630.6 756 7 12 86 I00 9 H1350
0.59 0.88 201 0 4021 61.3 804.2 IO05.2 712062 14073 I1M3 I1894
0.71 099 213.3 426.7 6400 8524 10667 120 14934 106 7 19"9
0.64 148 12082 256.5 38417 5130 6412 7695 897.7 10260 1104 2
0176 139 63.3 336.5 489.8 663.0 816.3 9796 11428 13061 1 4694
0.68 0.74 275.1 5650.2 8254 1100.5 1375.6 16507 1925.8 237039 34161
0.60 0.82 2195 4389 668.4 8778 10973 1316 =5362 17556 19751
0.81 1.25 192.6 36.1 0117 7 703 962ý8 1150.4 13419 1 .545 1133 I
0.52 126 123 9 2476 371 5 4953 619. 1 7429 86617 9906 1144
,d.47 1.41 99.4 196.8 2983 397 7 497.1 5965 696.9 795.4 894 8
0.190 1.46 184.0 368.0 063,0 7309 9199 11039 12879 14719 16069
0.42 1.21 104.3 20.5 3128 417.0 521.3 625.6 729.8 834. 1 9383
0.82 0.91 268.7 537.4 8060 1074.7 1343.4 16121 18a.8 21494 24181
0.74 1.28 171.5 3430 5145 6860 857.4 10289 1290.4 13119 11434
0.87 1.09 237.7 475.5 713.2 9610 11867 14264 16642 901.9 213917
0.47 130 707.2 214.5 321.7 428.9 5362 643 4 1503 8579 9651
0.49 1.30 110.2 216.4 3248 432.8 5410 6492 574 8666 9738
0.86 0.91 2822 564.5 8467 1129.0 14112 16934 19757 22579 254D 2
0.47 1.44 97.0 194.0 2910 388 I 4861 582.1 6791 776.1 873 1
0.61 1.15 157,6 315.2 4729 630.4 780 946.5 11031 126017 14183
0.64 0.82 231.5 462.9 694.4 925.9 1157.3 1388.8 16202 1861 7 20&3 2
0.44 086 104.0 31. 462.1 616.1 170.2 9242 10782 12223 13863
0.46 0.97 742.1 2864 428 1 570 113.5 8562 99.9 71416 12843
0.65 1.40 738.3 276.5 4148 563 691.4 829.6 96719 1106.2 12445
U87 1.07 242.8 486.5 728.3 971.0 1213.8 14266 16993 94. 27849

0.93 1736 182.6 365.3 5479 7396 9132 1096.8 278.5 1461 1643 8
0.85 7.10 237.5 463.1 6946 926.2 115717 1389.3 162038 18524 2W839
0.07 1.04 14740 294.0 4410 5879 1349 8879 1 029.9. 1759 13229
0.47 1.33 92.71 184.3 276.4 368.6 460.97 552..8 645.0 737 1 9292
0 .7 1.44 159.8 3175 4763 6350 7918 9525 7)17.3 10.0 142898
0.7 0.93 227.6 456.5 6833 9171 1138.9 73666 75944 78222 200
0.56 1.40 716.9 733.8 3507 46716 5845 7014 878.3 9302 7 592 1
0.66 778 766.1 332.2 4963 664.4 830.5 996.5 1162.6 73217 14948
0.92 742 1769 33727 W 6 675,5 8444 7013.2 11827 735170 75198
0.74 7.02 215.9 437 7 6476 863 4 "0793 1295 I 17510 17269 1942 7
0.73 1.38 178.3 3166 474.9 633.2 79175 9498 7 7052 1266 5 14248
0.79 7.79 799.7 397.5 596.2 1950 9931 119205 13912 70899 1788 7
0.43 17.8 700.1 216.2 324ý3 4324 50.5 648.6 7568 9649 9730

0.61 1.27 14326 2812 4308 574.5 71871 861 7 10053 11489 1292 5
0.86 1.38 1924 380.1 571.1 7675 9518 7142 2 73326 7522 9 :713 3
0.54 0.93 772.8 345.1 578.5 6974 864.2 7037 72099 738217 75 6
0.58 1.46 118.8 237.6 306.4 475.2 5939 7121 9315 9503 1067•
0.44 0.73 1800 359.9 0399 7198 8998 079.7 12597 1439 7 16196
0.60 0.84 211.7 4233 6300 8467 75984 :2700 7481 7 76934 A 9[]0
0.56 0.76 215.8 4315 6473 8637 7078.8 72946 7504 7726 7 9419
0.78 0.95 245.6 491.3 736.9 982.6 1228.2 4739 17195 79657 22108

0.47 1.21 116.3 232.5 348.8 466.1 0873 6976 813.9 930 1 70464
0.50 7.77 733.1 266.2 399.2 532.3 666.4 796.5 926 70546 77971
0.66 4.46 132.8 266.6 398.4 531.2 6641 796.9 997 7962 5 17953

0.75 0.74 30D.4 109 901.2 12016 76520 78023 27027 24037 21035
0.18 0.82 284.8 0696 864.3 113971 4239 :71 7 19934 2278.2 25&3 0
042 0.93 1M5.8 271.6 4075 543.3 679.1 8149 95 7 10866 172224

0.84 0.87 288- 576.6 864.8 1153.1 144 4 1297 20180 23063 25945
0.64 0.84 227.5 425.0 6824 9099 7131,4 73649 1592.4 70978 9473
0.61 0.95 191.7 383.0 5752 7669 9687 11504 1342 75339 71726
0.17 i.s5 2.6 401.1 601 7 802.3 1002.8 72024 14039 16045 W6 I
0.84 0.85 293.9 5878 981,6 71755 74694 7633 206712 23510 26449
0.82 7.03 236.0 4721 7001 944.A 180.2 174162 765332 783 21243
0.61 0.87 3593 416.6 6249 8333 10416 1249.9 74582 7666.5 78748
0.56 7.70 76.5 30.2 4602 60,33 750.4 90.5 705 5.6 3501 7

0.51 7.29 114 23417 352.) 469.4 586.8 704 1 8215 9388 10562
0.80 1.37 75.0 3600 52571 70(0. 817571 050.1 12257 :40D.2 51552
0,62 0.99 86.3 3125 55898 7450 973 I 1176 3039 74907 716763
085 0.86 29650 6920 88.0 1793.2 14799 1775.9 20719 2367 9 26639
0.49 085 1711 3434 515.1 686.8 858.5 00.2 7 9 13736 15453
0. 72 0.U4 290.2 5923 870.5 11601 74609 74140 20392 2322 4 2611 5
092 7.59 2271 4753 130 966 7883 74259 76636 7 92 2 21389
077 730 1766 353,1 52917 7063 8829 05994 236.0 74126 1589.2
042 1.31 96.7 1935 2902 38710 4837 50.4 6771.2 773.9 8707
0.50 0.95 158.2 31675 4747 633.0 79192 9494 7107.7 7266.9 7424 2
0.67 :.75 174.2 348.4 5226 696.1 8709 10451 72193 13935 7567 7
0.66 7.31 747.5 295.1 4426 5927 73717 885.2 1032 7 180.3 1327.8
0.44 1.36 97.7 795.4 293.2 390.9 4886 586.3 6840 781.8 879.5
062 1718 157.1 314.2 47172 628.3 785.4 9425 70996 12566 141317
0.92 0.18 3450 69.0O 1035.0 1380.0 1725.0 2070.0 24149 27599 31049
0.45 7 27 :064 212.8 319.2 4256 5320 6384 744.8 851 2 957.6
0.47 092 756.5 370.9 466.4 6218 7773 932.7 1088.2 724317 399 1
057 1.32 129.2 2684 3876 516.8 6460 7752 9044 70336 17628
0.43 0.91 143.0 2912. 420.1 560.2 1C02 42 2 993 17733 12604
0.73 1714 7913 382.5 5738 765 9564 11476 73389 15302 17214
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1938wo of Air EcNV aAbCM a A49 Cuts 49m CýIni86 Ab Ajb 848, F. Alb __nso FaAbCls .l ut" aAb
Shokom R& .of (310 108. o a4208 of. 043m8 0714 of45m08. A 0 1068. 0008 040t. 04 oam7f

Fta - i- p s Fb.. Pe Ft pw lkbm Pe Ft-,0 p. ftý Pw mP. Ib, g.

OE Cc cc cc CC cc cc cc c
0.46 0.94 141,2 2825 4233 W.9 Mb62 81474 988t 11299 1271 1
0. 49 0.87 1694 3381' UX. 67)6 8470 1016.3 :186)7 & 361 15246~
0.76 09 238.2 4)814 714.6 962 8 11910 439. 2 6614 1~ 21438I'I
0.69 0.832 21Z. 4292 643.7 8a83 0729 12875 15w0 I 1)7167 19312
0.49 1.48 99.2 798.3 297,5 396.7 4968 960 6942 7933 8925
0.48 118 :2D.6 2412 3617 4823 6929: 723 8440 9646 100652
0ý46 702 134.5 269,0 4035 5380 672 5 8D7 1 9416 10761 1210,6
0.45 121 110.1 22.1 32302 4403 5603 6604 7)0.5 8805 99066
0.68 :.14 178.5 366.9 W53.4 713,9 892.3 1070.8 12493 14277 16062
0.69 1.22 142.6 286.3 427.9 570.6 713,2 81668 89865 1141 1 12937
0.77 0.96 241.0 492. 722.9 9639 12049 14459 16868 19278 2168.8
0.6 1 1.ý04 174.6 349.1 5237 694.3 87281 10474 12220 1396,6 1571 1

0.17 0.82 317.8 636.6 963.3 1271 1 15889 1907 224A 2542,2 286O00
0.63 1,02 M8.2 370.3 5665 74D.6 925ý8 1110'a 1296 I 14813 16664

0.7 0.8) 270.8 5411.6 8125 70533 13U. 1 1624.9 18W58 2166,6 2437.4
0.41 1.7 83.5 "10 2605 334.1 41776 501 1 5846 6681 7516
0.80 0 76 335.2 50'4 10055 13407 16)5.9 23)111 23463 26814d 3016.6
0.63 107 176.8 W5.5 5303 707 1 88319 10606 12374 14142 15%99
0. 69 0. 91 224.0 449.0 672.0 8959 11199 1343.9 1567 9 17919 2015.9
0. 47 0.70 231 3 402.6 6U19 802 118365 12D7.6 )4 1 16104 111118
0.65 1.25 156.0 312.0 468.0 62339 779.9 935,9 1041 9 12479 141:119
0.57 0.99 1 723 344.7 617.0 689.3 861.6 1133.0 I M63 1378.6 15609
0.43 :.06 1274A 2427 364.1 485.5 606 728.2 8496 9710 10924
0.78 .03 2265 492.1 679.6 906,2 1132.7 13592 15468 18123 2338
0.8!41 1.18 2147 4383 64124 856.6 10707 1294.9 1499.0 1713,2 1927,3
0.41 0.8) 1M.3 280.5 423.8 561 1 701.3 841.6 941.8 1122.1 12624
0.42 0.86 1455 291 1 4366 68212 727.7 873.3 1018.8 1164.4 13D9,
0.66 0.88 23212 444ý4 666ý6 888 11. 3332 15664 17776 99

0.0 0.75 275.2 5603. 25 11027 35. 16510 19261I 22013 24765
0.88 11 2302 460.3 690.5 930.6 11608 13609 1611 1 1841,2 2071A
0.54 0.96 167:1 334.2 601,3 6684 836,6 10027 1169.8 13369 75040
0.96 0.83 372.6 626.2 937.9 1250.5 7563 1 18757 21884 25010 2813 6
0.42 0.86 14679 2932 4283 5844 723.5 876.6 10237 11658 13149
0.69 1.60 1779 23598 353ý7 471ý6 589.5 707.4 825.2 943A 1061,0
0.51 1.37 111.2 222.4 333.7 444.9 556.1 667.3 77856 8897 1001,0
0.87 0.79 3281 6563 984.4 1312.6 1640.7 1968,9 22970 2625.2 2953,3
0).46 1.9 97.0 7940 292.9 387.9 484.9 581.9 6789 775.8 8728

0.6 101 135.9 277.9 497.8 54.8 6797 8156 951.6 1087.5 1223,5
A-0-1ge 187 1 374 1 M1I 7489 936 1 1123 1 1310 1 1497 18
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SIVEADE .EET FOR CALCULATION OF AMORNE ASBESTOS FOR ROOM 45 25' * 8', FOR VARIOUS
CONCENIRATIONS (0.1 to 0.9%) OF ASBESTOS FIBERS IN ACJC.

INPUT VARIABLES CALCULATIONS FROM INPUT VARIABLES ]
r*8 Db emWom ol Rom CO (915 Ro, Vokow i Cutc CýI , wlm

90 O.*2c Foomq. 0 Rofw, I0*2D I WCi A*. in Row, in sc%* Ce,*n.8.
1121D al ft Rof n (c sQ Fl) [2900 Ooo 811e In61149 CýnIý#lý pet t01

10 Dmnoiom Rote (sq Ftl9) 1 1oltc Timw to Dwmo4t 953
ACJC Applooflon r801 (ga016. Sq Ft ot wco) 647 Gdcm of ACJC APPd lo Walk

256.26 CI.~ C-net-l- c ACIC A491.d lo Wk
N ,e Voln,0 , Vo A%~ C8. •. on on yen Eý D•mtbuo ol Ft,

5. 6. 7. 8. and 9 fim comle m W Ingh each howng n aspecl Fo of 3 to 1 (cc)

k 9U6ofA EftV, F. Ab Ctonl F. Al,~e F a Conlon Fa , Conlen Mb Aabl, F o Con tn" Al b s Conlý Fo A* C4.antoný Aa Content
Rw.8ock Rcoe ot ol0`.0 d 0.20.L04 ofot c o0. oP 58 0.60% ofO 7 0o083.8 of1831

PO.kwqlzd Row, 99,t,0 of I66tte of I66t6.t of tjN..b of Nonftwe 01 N10tw. of N-t- ol NLb c9 lwt~t- f
PFbp. Ftp pw F6o tp f- i. _- pi :•.p.bI Poe

- cc CC CC C CC CC CC CC C C
0.40 0-79 134.7 269.3 404.0 sm.37 6734 &4.0 942 7 10774 12121
0.08 123 124.8 249.6 3744 49.2 624.0 7488 873, 996A 1123.2
0.63 0.8 189.3 378.6 567.9 7573 946.6 1136.9 13252 1514k 17038
0.62 1.36 122.2 244.3 366.5 488.6 610.8 733.0 86. 1 9773 109994
0.83 0.74 297.8 596.7 a93.5 11914 1499.2 17871 2084.9 2382.8 26806
0.48 0.86 147.3 294.6 4419 58.2 736.6 883.8 1031 A 1178.3 13256
0.43 0.76 151 3. I 450.2 6M.03 750.4 900.4 1050.5 1200.6 13507
0.61 1 10 146.0 2920 438.0 68*0 729.9 8709 10219 11679 13139

0.64 1.17 144.4 288.9 433.3 6777 722.2 8666 1011.0 11565 12999
0.61 0.80 204.5 4D9.1 613.6 818.1 1022.6 12272 1431 7 16362 1807
0.93 1.35 176.8 363.6 30.3 7071 8839 l1O 7 1237.6 14142 1591.0
0.86 0.99 230.0 40A1 6901 20,1 1150.2 1380.2 16102 18403 2070.3
0.43 143 791 159.7 2395 319.4 399.2 479.0 568.9 638.7 718.5
053 0.74 181.2 3624 543.6 72437 W.9 10871 12683 1449 1630. 7
0.76 122 166.4 330.7 496.1 661.4 826.8 992.2 11575 13229 1488.2
0.73 0.84 229.2 456.3 684.5 912.7 11408 13690 15971 1825.3 2M&5
0.41 0.72 149.2 298.4 4476 5968 746,0 896.2 1044 1193.6 1342.8
0.6• 0.96 150.9 301.9 452.8 613.7 754,6 06.6 1066.5 1207A 1328.3
0.56 1.40 106.9 213.8 320.6 427.5 534,4 6413 7482 8660 961.9
0,48 1.08 118.0 236.0 34.0 472.0 589.9 707.9 823.9 943.9 10619
0.69 1.21 150.8 3016 45224 613.2 754.0 904.8 1086.6 1206.4 1357.2
0.84 1.16 180.6 381.1 571.6 762.1 956.6 1143.2 1333.7 1524.2 1714 7
0.89 1.46 162.7 32.5 488.2 650.9 8)3.7 976.4 1139.1 1301.9 1464.6
0.88 1.07 142.6 2.2 427.8 570.4 713.0 865.6 990.2 1140.8 12834

0.59 1.42 I. I 2332 333.3 444.5 M666 666,7 777.8 888.9 10000
0.67 1.14 15569 311.7 467,6 62365 779A 93562 1091.1 12470 1402.8
0.86 1.11 202,6 406.1 6077 810.3 1012.8 1215.4 1418.0 16205 18231
0.49 0.78 167.6 336.3 502.9 670.5 838.1 1005.8 1173.4 1341.0 15086
0.66 1.37 125.8 51.5 3773 03.0 628.8 754.5 883.3 1006.0 11318
0.83 1.49 148.5 296.9 445.4 593.9 742.3 88.8 1039.2 1187.7 13362
0.77 1.01 202.2 4D4.4 606.6 807 1010.9 12131 1415.3 1617.4 18196
0.81 0.83 267.6 616.2 772.9 103065 1288.1 15457 1803.4 2061.0 23186
0.42 1.25 88.1 176.2 264.4 352.6 4416 528.7 6169 7070 7931
0.88 1.24 188.6 377.2 66.9 /4.5 943.1 1131.7 13204 1090 1697.6
0.48 0.80 108.1 316.2 474.3 632.4 790.5 948.6 1106.7 12648 1*22 9
0.42 ).37 0.5 161.0 241.5 322.0 402.4 482.9 563.4 6439 724.4

0.62 0.74 185.3 370.7 566.0 741.3 926.7 1112.0 1297.3 14827 16680
0.44 0.91 129.6 260 388.5 518.0 647.6 777.0 M.4 1025.9 1165.4
0.88 0.80 293.6 5872 880.9 1174.5 1468.1 1761.7 2065.3 2348.9 26426
0*2 1.86 105.8 211.6 317.4 423.2 529.0 6348 740.5 846.3 952.1
0.84 1.43 156.6 313.2 469.8 626.4 783.0 939.6 1096.3 1252.9 1409.5
0.84 0.77 280.3 58.6 877O 1161.3 1451.6 1741.9 2032.3 2322.6 26129
0 72 1.30 147.2 294.4 441.6 588.8 735.9 883.1 M100.3 1177.5 1324.7
0.77 0.83 256.1 512.1 176.2 1024.2 12803 1636.3 17924 2048.4 2",b*

0.88 1.20 196.0 392.1 588.1 784.2 9*2.2 1176.2 1372.3 1568.3 17644
0.50 1.20 110.3 220.6 320.9 441.2 551.5 661.8 772.1 882.4 99•7
0.87 1.27 182.8 366.7 548.6 731.4 914.2 1097.0 1279.9 14627 1646.6
0659 1.47 107.2 214.5 321.7 429,0 036.2 643.5 750.7 87.9 9662
0.63 1.33 126.3 252.6 378.8 5%.1 631.4 757.7 884.0 1010.2 11361
0.44 1.25 92.5 185.0 277.5 369.9 4624 554.9 6474 739.9 9.324
0,45 1,46 82.1 164.3 246.4 328.5 410.6 492.8 574.9 6570 739.2
0.77 0.95 215.7 4314 647.1 862.7 1078.4 1294.1 15M.8 1736.5 1941.2
0.53 0.83 169.4 338.9 500.3 677.7 847.1 1016.6 1186.0 .3&6.4 1524.8
0.86 0.80 282.5 566.0 847.5 11X0.0 1412.5 1696.0 1977.5 2260.0 25425
0.62 096 169.6 339.3 8W.9 678.6 8*9.2 1017.9 1187.5 135712 1 668

0.82 0.73 295.6 591.1 886.7 1182.2 1477.8 1773.4 2068.9 23645 26601
08.9 1.12 209.9 419.8 62937 837 10*9.6 '599.5 1469.4 1679.3 7889.2
0.58 0.70 203.8 407.6 611.4 810.2 1019.0 1M33.7 1426.5 16203 1834 1

0.82 1.06 2067 413.4 620.2 826.9 1033.6 124D.3 14471 1653.8 18405
0.41 0.73 149.0 298,1 447.1 596.1 746.1 89412 1043.2 1192.2 1341,3
0.76 1.21 166,3 332,6 498.9 666.2 831.5 997.8 11641 13304 1496.7
0.84 1,01 220.9 441.8 662.7 88365 1104.4 1325.3 1W46.2 17671 19880
0.42 1.25 891 178.2 267.3 356.5 44*.6 534.7 623.8 712.9 8020
0.87 0.81 M864 570.7 85661 1141.5 1426.9 1712.2 1997.6 2293.0 258 3
0.69 0.88 2084 416.8 62531 8335 1041.9 1250.3 14587 1667.0 18754
0.77 1.27 161 4 322.8 484.2 645.6 8W71 968.5 1139.9 1291.3 1*A52 7
0.43 0.86 133.4 266.7 400.1 633* 666.8 WD.1 9335 1066.8 12002
0.78 1.17 176.4 352.8 529.2 7056 t820 1058.6 1234.9 1411.3 1587 7
0.83 0.7J 281.6 563.1 8447 1126.3 1*279 169q.4 1971.0 2252.6 2534 I
0.48 0.98 130.2 260.4 390.7 620.9 66511 781.3 911.5 1041 7 ;172 0
0.76 1.09 18947 369.4 564.1 7388 923.5 11082 1293.0 14777 1662.4
0.57 089 169.7 339.3 509.0 678.7 88,3 10180 1187 7 1357.3 15270

0.81 1.02 2M.6 417.2 626.8 834* 10430 1251 6 14602 1668.8 18773

B - 20



S36*9006 Raeof~ 01010%. ý o0 20% of 0 xTV o4 OA0 ./1/ 50. 0636 'A. 70106 'A 062M 'A 999
LJoS4-t4d Ro Nuwoe of 0 /*.,•,tf. Nume.,t o N6.69a r of0 NJr /' oI of .hk.ý •74 ru "I 0/ Lm• (A

Ft*. . Fa-n 1. H*3* p.. Fib- P h16.P3 Fib p. 9.. It- fit-/ g- it. P
(EP1) ýc cc cc -x c cc -c .1 -

05/ 1,09 1375 2750 4125 5wo0 68,4 8249 9624 (1999 123)4

09 1/04 1173 354 5 5,1 8 091 a 4 106316 12409 14182 i59 4
017 I 11 1874 3149 5623 1491 9312 112*0 13120 /49W0 low0
'142 013 /53.4 3V69 463 6138 7612 920/ 1074 1 12216 13610
0.99 0.99 1649 3291 4946 009 5 243 9892 1104 1 13189 t483 8
0.61 1 20 133w 26/6 4014 35m 6699 802) 9365 /0703 1204 1
0.86 I 1 3 243 408.6 6129 81/ 2 10•14 125 7 14300 16343 18830
046 0.88 13844 276,8 4152 5636 6920 20 4 96868 1102 12456
073 017 2912 5W24 5306 10048 12560 15072 17564 20DO6 22008
057 / 3A 1121 2242 3363 44*4 505 6126 1984 9 946 8 i/0o9
039 094 1ie1 3574 536 I 7148 86935 10/22 12530 14296 1608 3
0.71 0.99 896 3793 w 9 7/55 9492 113,1 /3274 151] 1 )70b 1
0.64 146 1140 2280 3420 456.0 5700 0640 /980 9120 100260
016 1 39 1451 2w 2 4354 505 m26 810 7 /0158 1161 0 130 1
066 0)4 2445 489.1 1336 9782 12327 14673 1711 8 19564 2,"09
060 082 1951 3901 5692 7/43 9753 /1704 13665 /b005 11565
089 1.25 171 2 3423 5/35 6841 955.8 10270 11962 13693 15K)5
0.2 126 110 1 220 1 302 4402 5513 6604 7104 894. 9906
0.41 /41 884 1/6 7 2*/ 3w35 441/9 50 2 6186 707 0 794
0.90 146 1635 321 1 4906 6542 817 7 9e) 3 114498 /32"3 14119
042 /21 92 7 18.3 278.0 370,1 4634 5,60 6467 / 41 4 M34
0,82 0.91 238.6 417 7 Y165 9553 1194/ 14330 1671 8 19106 21494

074 1.28 1524 3049 4673 6093 7622 9146 10670 12195 1311 9
0.9/ 1,09 2113 42326 034.0 8403 ILbb66 10/v 14193 6990 6 // 9
0.47 / 30 953 1/0.6 96,0 3813 476.6 5//9 667.3 /626 879
0.49 1.b 962 1924 2865 384 / 4809 51 0/732 7694 8665
0.86 0.91 250.9 501.8 /526 /0•5 1254.4 )5053 /1562 20D3 0 22W 9
0.47 1.44 862 172.5 266/ 3449 4312 5/4 603 7 699 776 1
0.61 1/15 1401 2802 420.2 5603 7004 9015 906 H20. 12600
0.64 0.82 205.1 411/ 6172 9230 1039 / /4492 /54I0 /95/ I
0.44 089 136A. 2)3.8 4108 547 7 6846 8215 9584 10954 12323

046 0.97 1268 253.7 345 5074 6342 8/ 1 967/9 101498 141 6
065 140 1229 2458 3M*7 491.6 6145 1315 8904 9933 H06 2
0.81 1.07 2158 431 6 6474 863A 10/8 9 12947 15105 1/263 1942 1
0.3 136 1623 3247 4870 .0/94 811 7 9/4 11364 12988 /46 1
0.89 I.0 20&68 411 6 6175 8233 /029/ /2349 144027 16460 /152 4
0.51 /04 130.7 261.3 3920 5226 6533 /919 9146 10452 11759
041 1 33 81.9 163.8 245.7 3276 4095 494 5733 05 2 731 1
0.77 1 44 1411 282.2 4233 564.5 7056 946. 9878 11289 12700
0.71 093 202.5 4D4.9 60704 W99 /0/2.3 2/49 141/13 16917 18222

05 1 40 103.9 2078 311 7 415.6 5196 023.5 727A4 6313 935•
0.66 1 18 1476 295.3 4429 5905 7382 95.6 10335 1181 1 1328 /
0.80 1.42 /001 300.2 4503 600/4 7595 9 105007 1200.9 13510
0.74 1.02 1919 393.7 5/7.6 7675 959.4 15/? 1343 I /5350 12609

0./3 1.38 140 281/4 422.2 5629 703.6 8443 650 1125 1216 5
0.79 1/19 176.7 353.3 520.0 7066 8633 /0600 12366 14133 15099
0.43 1.18 96.1 192.2 288.3 3844 480.5 5/66 672.7 7688 8649
061 1 27 127.7 205.3 383.0 /106 0393 0 b930 1013 114.9
096 1.38 1692 3384 507.6 6769 846 1 /0/3 1/145 1353 7 15229
0.54 0.93 153.6 3073 46009 614.6 7682 93/ 1075.5 122; , 1382 7
0.58 1.46 /10.6 211 2 316/8 422.4 5280 6335 739 1 844 9903

0.44 0.73 1600 319.9 4/9.9 6399 799,8 909 119 / 12/9 / /439
0.60 094 188/ 376.3 5645 752.6 9468 118.9 131/ 1 165062 16934
0.55 0.76 1918 3936 5754 7672 9590 /50,6 13425 15343 1726 1
0.78 0.95 2/83 436/ 655.0 873.4 1091 7 1310.1 /5284 1746A 196M I
047 121 1033 206 7 310.0 4134 516/1 6020 7234 826,8 930 1
0.50 1 11 118.3 2366 3549 4732 5915 709 68280 9463 /0646
065 146 118 1 236 1 354.2 4722 5093 109 3 8924 9444 /5625
075 074 2670 534.0 801.0 10681 1335.1 16021 /9/ 1 2136 1 2403 1
0.78 0.82 253/ 5063 769.4 10125 1265.7 151/, 1771.9 2025 1 22782
0.42 093 120.7 2415 362.2 482.9 6036 7244 8451 9658 10866
0.84 0.87 3563 512.5 768.8 1025.0 1281.3 1537.5 1793.8 20/0.0 23063
0.64 0.6 202,2 404.4 6.6 W8.8 10110 12132 14154 16176 18198
0.61 0.95 /10.4 3409 5/1.3 681 7 8522 1022.6 11930 )363. 15339

0.77 1 15 178.3 35606 634. 7131 8991.4 1/0937 12480 14262 /0545
0.64 0.85 261 2 5225 783.7 1044.9 13061 15674 18286 20098 23510
0.93 1.03 2098 419b 629.4 6392 1049.0 /2/a8 1468.7 16785 /BM*3
0.61 0.8 1865.2 3703 5555 7407 925.8 /111.0 1296.2 1481 4 16665
056 1.10 1334 26608 4002 533.6 6670 1,04 9338 10672 12006
0.5i 1 29 1043 209.6 312.9 4173 5216 625.9 730.2 8345 9388
0.80 1 37 / 55.6 311.1 466.7 622.3 7779 9334 /10990 /24A 6 /w 2

0.62 0.99 165.6 331 1 496.7 6623 827.8 9934 11599 132465 149 0
085 086 263.1 526.2 7893 10024 1315.5 /719.6 184i7 2/048 23679

049 0.86 /526 3052 49719 610' 763A1 915.7 /63 12209 13/36
0.72 074 35/.9 515.9 773.8 103 2 1289. 1547.6 1805 5 20634 2321 4
0.4 1.00 211,2 423.5 633.1 8450 10562 12675 1478 7 16900 19012
077 1.30 1570 3139 470.9 6278 7/4.9 941 7 /0967 12056 1412h
0.42 1 31 86.0 1720 00.0 3440 4300 5159 0019 6879 7739
050 0.95 140.7 2813 42230 5626 7/33 8440 9946 1'253 12609
0.67 1 15 154A 309/7 464.5 619.3 774.2 9290 10838 1238 7 13935

065 1.31 131.1 262.3 3934 5246 655.7 7868 9180 /049A 14903
044 1.36 86.9 1737 260.6 347.5 434.3 521.2 6080 6949 781 8
0.2 1.18 1396 2793 418.9 5595 699.1 8378 9774 11170 125606
0.90 078 306 7 6/3.3 920.0 1226.6 1533.3 /94.00 21466 24533 27599
0.45 1 27 94.6 199.2 283 7 378.3 472.9 5675 6620 7506 851 2
047 0.90 13892 2764 414.6 562.7 69099 829/ 9673 11055 1243 7
0.57 1.32 1148 2297 3445 4594 5742 6090 FM39 9187 10336
0.43 091 /245 249.0 3734 49719 6224 7469 9/1 4 99*8 /1203
0/73 1 14 1700 3420 510.1 6801 &/0 1 /0201 11909 1360 1 I/02
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k k tAw Ex66g Ic, AabCohdF Alb Cc.4., Ml A4 NVF Amb Cwtowi Fa Amb Oonleioc Fm Am Cc,,66,F Alb Ccm7.. F Alb Cwtenl 640Aj Cc.7en
Sh.f.7ock Rcl.CE o f o0 I0. olE03 of 2 0-. M 0 104M8 c85. 0A100 o'0 708, 0O.908. f 90%.
PRidzed Rom Numcc,. Nw6 0 of kkg666 a Ko l E of ftrb. of Nunb. of Numxi of Nurmtbw of Ntsmm of

96m w ~ Rb P. Fb pw ob p b w R w 96wi pa Fbmn ge fk 8)6.

(EM c c cc c cc ccc cc
0.45 0.94 125.5 2511I 376.6 5022 627.7 7,.3 2 876A 10043 12•99

0.49 0.87 1506 3011 4617 6023 7,62 9 9034 10640 1304,6 13,610.16 096 2117 423.6 62.2 6469 79687 1270.4 14822 16939 19056

0.59 062 190.7 38176 5722 7630 9627 11444 13262 15259 17167
0.49 148 88.1 176.3 264.4 3626 4407 52.9 6170 7M62 7933
048 7178 1072 2144 3215 428.7 7,9 6431 7503 8574 964.6
046 1.02 1196 2391 3587 478.3 5978 7174 8369 9665 10761
0.45 121 97.8 1967 29t5 391.3 4892 6870 6849 782.7 8906
0.68 7 74 158.6 3173 475.9 634.6 7932 951.8 11105 72691 74277
0.59 1.22 126.8 253.6 380.4 5072 6339 760.7 8876 101423 1147
0.77 0.96 274.2 428.4 6426 866.8 10710 12862 14994 1713.6 19278
0.61 704 766.2 3103 4665 620.7 7759 930 1076.2 7241 4 13965
0.87 0.82 282.6 564.9 8474 71299 14723 16948 19773 227,97 275422
0.63 702 164.6 3292 493.8 67,.3 8229 9875 11521 73167 14813
0.79 0.87 2490.7 481.5 7222 9629 203 7 14444 1685.1 19259 21666
0.41 1.47 742 148.5 222.7 296.9 3712 445A4 5197 5939 668.7
0.87 0.76 2979 596.9 093.8 1191.7 1409.7 1787.6 20656 2323.5 26814
0.63 1.07 1577 314.3 471.4 628,5 7867 942.8 10999 12570 14142
0.69 0.91 199 1 39.2 597.3 7964 9965 1194.6 1393 7 1592.8 17919
0.47 0.70 178.9 3679 36.8 715.8 8947 1073.6 12526 1431.5 16104
0.66 125 138.7 277.3 416.0 564.6 693.3 831 9 9706 1109.2 12479
0.,7 0.99 153.2 306.4 459.5 6127 765.9 919.1 10723 12254 13786
0.43 7.06 1079 216.8 3237 431.5 6394 647.3 766.2 8631 971.0
0.78 1.03 2014 402.7 604.1 36.5 1006.8 12M38.2 1409,6 16109 18123
0.84 t.16 190.4 380.7 7,77 761.4 9618 71421 133225 1522.8 1713.2
0.41 0.87 124.7 249.4 3740 4987 623.4 748.1 872.8 9974 11221
0.42 0.86 1294 258.7 388.7 517.5 646.9 776.2 06.6 10260 1164.4
0.66 0.88 197.5 3960 692.5 790.1 907.6 11785. 1382.6 1570 17776
0.70 0.75 244.6 4892 733.8 978.4 1222.9 1467.5 17127 79567 2'20.3
0.8M 1.14 204.6 409.2 613.7 818.3 7022.9 1227.5 7421 16366 1741.2
0.54 0.96 148.5 297.1 445.6 594.2 742.7 891.3 10398 11884 13369
0.86 0.83 277.9 555.8 833.7 1111.5 1389.4 16673 19452 22231 250)70

042 0,86 129.9 259.7 389.6 619.4 649.3 779.2 900 10389 1168.8
0.59 1750 104.8 2096 314.4 419,2 524.0 628.8 7336 8M3 943.1
0.51 1.37 98.9 1977 296.6 395.4 494.3 593.2 692.0 7909 889.7
0.87 0.79 29137 7834 875.1 1166.8 748.4 1750.7 2241.8 2333.5 2625.2
0.46 790 86.2 172.4 258.6 3448 431.0 517.2 603.4 6896 775.8
0.46 1.01 120.8 241.7 362.5 483.3 604.2 726.0 8469 9667 IT797

Aveoge:; 166 333 499 6657 832 9 7764 72 1 1.497
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S9ffADDEE FOR CALCU.AJRt Of A E00 A~SICK) "C QIXCd W * fC& v~

CONCENTRA9l116 (fl 1 toO 09%) OF AJSK906 FQ 0 A.C-jC

owuI VAWASLES CALC.AAANC06 i4"01- J ~AWALES

Kmw~~. Q NA

Gt . * . . . *

906100 sa ' 4I&dAt SI -416 anw, #.,Ail A

086xm 737 -A *"M A.. 41,1.11 j

083 4. g16 Jittte a-6 -Sin Iw 4L- 'Ca'

0170 10n q1t2 as1 ho' 4. 4w. 6 '-

0.63 063 001 4 87 b&9 .1..

0142 72b 192 v 4 4. .

G:l .24 148 isS Ole, do, t.. '4

Gal 080 P2 4 i AW A.66 4, 8

0.88 0.1 264 au 5 7*,Wi i. 7 '.7 4

0.42 106D 'at' we83 VA "AV 1 4

08 91D 409 Ilal t1~ ir*2. 4

073 M26 122 3494 VA' m25 W,8, 7' 1.7

07 00 30 480 4.71 714 low IN

Ow G 127 616 I 39 LA51 - t, "67 .,i .4

0 ,59 1472 $4 65 793 4 o a l tit I 2. 7 ' "it
061 13" All) OW1 4w7 IAW 4. 7 S 69

062 :40.9 1527 ýW 461 #1127 1176 6, 9

0 82 073 (A 6 532 1910 lf* 4 4 4.314 Z4,1 &w
0.8 1.2 79 378 1 . -u

05111 .1.0 A86 PAl 5112 7 I6 9111 976 .1 '..

0.42 -25 402 781044 2806 IXII 61 12 1

0.69 0.88 787.5 37%. I 63 730 it7 I'. to: I '
0.7 1.27 462 296 M26 57 I26 w1 No* 'I3 ea,

0.78 9 .17 1 a5. 3715I 4t6 6I, me3, .02 *V.9

0.4 0.9 772 234 *6)6 00 ~ O 02

0.6 70 9 6.2 32 4.7 6699 -A37 4. tIg t

01.52 0.89 152.7 1I44 1117 6t 0 76:5 ON, g148 22

0.97 702U 16 77 3741 5V42 7309t ft' .6 1 4 9
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•F~ason of AN ftwIc, *Ai Co8lh A6 Conlfi a•A Cod)OCl., FaA Conten kc Aab C h,ý *•:AlCcb *46. FaAbConi-i ;7 A4b C-la, Fa A*d CcncI
9,48078 n64 lof ofn(O o CA0209. of0.0 . o(0418 of 608. O0.601. of.10 1 o.008.D of 908

h,87 7 o 01 o *,raw or NIAu of Numbxot of Numbw of Nuon:w of NtW o. 6un. of
8bm6 pa ftwpIi. Ftwii ow Fbwp. Moen Per Ftb.. pow 143.. w P.. Rw M p.

057 109 1237 2476 371.2 95.0 6187 7424 8662 9899 1113 7
0.88 I08 1589 3191 41786 6382 8 97 1 96•'3 1168 12164 1439
Ol8 1I I 1687 3374 67648 8435 10121 11808 13495 15182
042 073 1381 218? 41A3 5624 690.5 82.6 9663 11048 1242 9
068 096 1484 286.8 44. I 593' 7•419 8903 1038 7 11870 733.64
061 1 0 120.4 24D8 361.2 48186 602.0 1224 8428 9632 10836
016 II 1839 361 7 5616 735.4 9193 1103.2 12810 14708 1864 7
0.48 ON8 124.8 249.1 3731 4982 6288 747.3 8719 8964 11210
013 177 2261 4522 6782 9043 1130.4 13,6.5 15826 18087 20347
067 13 009 2018 3027 403.6 504,4 W6,3 7062 8)71 90
09 0.88 160,8 321 482.5 643.3 804.2 9.0 11268 1266 144775
all 0.98 (107 3413 120 8827 863.4 10240 11947 13664 W6380
084 148 1026 206.2 3078 410.4 513.0 615.6 718.2 820.8 9234
01 76 139 1306 261,2 391.8 24 683.0 7837 914.3 10449 11165
0,86 074 2201 44D.2 86613 8M04 1100.5 13206 14s 7 17608 19808
o0e 082 1756 3511 626.7 7022 8718 10634 12289 14045 1568 l
0.81 126 1541 308 I 462.2 616.2 770.3 924.3 10784 12324 13865
052 (26 9 1 1961 297.2 396.2 495.3 594.3 6934 7924 8916
0(4) 141 795 159.1 2386 318.1 397.7 4772 5668 6363 7158
0.90 (48 1472 294.4 446 888 735.9 883.1 10303 11775 13247
042 121 t 34 166.8 2W.2 3336 417.0 (0,4 583.8 6673 7503
0.•2 091 2149 4299 6448 89.8 107417 1289.7 15046 17195 19345
0.14 1 8 1372 274.4 411.6 548.8 686.0 8231 9603 109785 12347
dal 108 1902 3804 6706 760.8 951.0 1141.1 13313 15215 1711 7
04) 1 1 a6 88 1716 2657.4 343.2 428.9 514.7 6005 6863 772 1
as4 16 6 8&6 1731 2897 34612 432.8 519.4 605.9 6925 7190
046 091 32&8 4516 8774 9032 119.0 1364.7 1580.5 18063 2032 1
(041 U4• 776 1552 2328 310.5 388.1 465.7 543,3 6209 6985
(1)* 1 16 1(6 2621 378.2 5043 6304 7564 8825 10386 11346
(1.4 0.82 1962 310.3 665 746.7 925.9 1111.0 12962 14814 16665
044 114 1232 2465 369.7 492.9 616.1 739.4 862.6 986.8 11090
r0 41 0 9 ( :14 2 2263 3425 4566 570.8 6850 799.1 913.3 10275
( 140 t 10 6 2212 331,9 44265 63. I 663.7 774.3 8849 99656
78 01 1 (942 3884 5826 7768 971.0 1165.2 139.4 1553 7 17479

k$4 ( 1461 2922 4383 584.4 730.6 876.7 1022.8 11689 13150
r04 770 14&2 3106 7666 740,9 926.2 1111.4 1296.6 14819 16671
UI7 I I7 1176 2352 3528 4104 587.9 705.5 8231 940.7 1058.3
041 I 7 131 1474 2211 294.8 3686 442.3 5160 589 7 6634
01 (U 1270 360 3810 5080 635.0 762.0 8890 10160 11430
07 71"1 :8 2 364 5467 728.9 911 1 10933 127&5 14578 16400

-A3 748 "40 1870 2906 374 1 4676 561.1 654.6 7482 841.7
At 1 7 81 129 26,7 398.6 531.5 664.4 797.2 930 1 10630 11959
4 40 412 861 2102 gD53 W4.4 67.5 810.6 946.7 1080.8 12159

'14 762 I; 13 3464 18 1 6901 863.4 1036.1 12088 1381.5 I6642
SI8 7266 2533 3199 506.6 633.2 759.9 8865 10132 11398
7 19 1(80 3180 41770 636.0 796.0 954.0 11130 12719 1430,9

1 76 7 • 1130 2595 345.9 432.4 518.9 605.4 691.9 7784
I •,' 149 2Ma8 3447 459.6 574.5 699.4 804.2 919.1 1034.0

'd, I a8 I23 3046 4669 609.2 761.5 913.7 1066.0 1218.3 7310.6
1 7 Iu ) I 738I 2165 4148 553.1 691.4 829.6 967.9 11062 1244 5
,1'* 748 1&0 1901 286A 380.1 475.2 570.2 665.2 7602 866.3
148 1/ 7 440 189 4319 57519 719.8 863.8 1007.8 71617 1295.7
1 w 144 0, 3381 501 0 677.3 846.7 1016.0 1186.4 1364.7 1524.0
t v 0/ 1776 3M2 5178 6906. 863.1 1035.7 1208.3 138909 1553,5
I In 4) 'Aft I8 39 30 w 5 7865.1 982.6 1179.1 13756 1512A 1768.6
141 17 W10 (W0 1;90 372.1 465.1 s68.1 651.1 7441 837.1

v 7 1 70105 2129 3194 4269 3223 638.8 746.2 851.7 958.2
49 ' 10083 1 2125 3187 4250 531.2 63765 743.7 850.0 9682" "1 .4 -4 4 11 1:09 9613 1201.6 1441.9 1682.2 1922.5 21628
*78 .;0 ,U 18 4116 8836 911.3 1139.1 13669 1594.8 1822.6 200,4

748 'AV 7081 2173 3380 434 6 5433 6619 760.6 e69.2 9779
(44 187 W Ia8 4813 VI 9 9225 1153.1 1383.8 1614.4 18450 2075.6
1 At 740 Iw9o 3840 5,60 7279 909.9 1091,9 1273.9 14W6.9 16379

IVA7 ,8 7334 • 8 4O 2 6136 7669 920.3 1073.7 12271 1380,5
147% Nog 6208 1 4 641.8 9023 962.7 11232 1283.6 14441

144 A4N r% 8 •)02 7,3 9484 117&5 1410.6 16451 1880.8 21159
17N ,a Iw 788 31117 6865 1.3 944.1 1133.U 1321.8 15106 1699,4

,:7)1 '10•/ 7'M , .J 3 •100 6666 833.3 999 1166.6 13332 14999
'I• M* 1 3602 4802 60W3 72M4 84W.4 9%0.5 108,6"" 1 2616 3756 469.4 5633 66,2 751.1 8449

,IL I100 m 0O 4200 560I 700 1 8M,01 980.1 1120A 126ff 1
100 m, 0II 4•p •eO i470 596,0 745.0 894•0 1043A1 1192.1 1341.1

'4 AR 8 4788 4816 7(104 9871 118389 14207 1667.5 1894.3 2131.1
)?4 (8 71 217 4121 6494 686.8 824.1 961.6 7088.8 1236.2

71 'I A4 m 4843 8688 9285 11607 13928 16250 1857A1 292
1 7 i. 76 M87 5(4 7605 9506 1140.7 (30.9 15210 17111

7 1 "' 47 m Is 4238 5660 706.3 8475 988.8 1130.1 1271.3
,1 A 7! 77• 7688 23a2 3096 3870 464.4 541.7 619. 6965

AS ,I' 77 P32 3(988 W4 633.0 759.6 886,2 10127 11393
,79. 77 7681 3(97 4(80 6674 61.7 8361 9714 11748 7264 7"008 7 4 2 3611 4121 M9 0 701082 826.2 9442 1062.2

198 , Is )'8 78.4 2345 312 7 3909 4681 547.2 6254 703,6
.Al 778 7387 3is( 3 3110 502 7 6283 754.0 879.6 1005.3 1131.0
791 ,('8 7'1&0 662O 8O (1080 13800 16660 19320 22080 2483.9
748 AS' I487 1I77 2• 3465 4266 5107 '965 8 6810 7661
(•7 INA )a 24•7 33 1 4175 6218 1462 9106 994.9 11193
(9' 7 2 7I9 • 81 3101 47134 516 8 620 1 723 826 8 9302

.791 m14 772( A*#7 '8 448 90..2 b?2 1 7842 88963 1(003
774 79 0 h0 4880 612 1 7661 9187 1071 1 12271 73771
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245 0.94 113.0 Z160 3"90 4619 50A., A.? I* ,.

0L49 0LOY 1365 211 0 41116 963 W2 ~ e,
0.8 076 1)% 98 36131 51511 IQ33 %if4 691 39 96

0299 0,82 711 3633 S40 3' 663 A. A *

0.49 14 83 1561 Z30 1' 39. ~ 1

0.40 18 9&S, 1929 2684 4w9 /~9 9'.

046 102 1018 2192 3228 I.26. m. ~ W9
046 121 81 1 a) 2"4 46.2 N.A. 9 9.

2868 14 142 8 MISS 4r3' 638 #A4 Ac

2959 122 1141 7A22 JAY 343A.O 6 9.

0?? 0.96 1928 a 366 5163 164 l 4 6

26 1 1.04 1 39 21923 4190i Wo 0* 62

2L81 282 2"42 %B4 t92 1 '4194 2/ 96* 668

0.63 1 .02 4JA1 296 4644 wi2 I , 6 2 6. /.

0179 0.81; 218 1 AM23 W62 0 46 * AL'.. ~ 6

0.41 141 668 3136 Md0 416/ ) 3 il. 4A A.w.6

2,89 0.16 2&@ 1 5M83 W&4 11.'4 S * 10
0.63 10? 1414 MO2 ad4 36Mb' 9.4611,. .

G69 091 19 2 368, Ws ji &

47l 0.1 1610 in2 493/ 64014 At, dW . 6
GM6 1.29 1 2&8 2498 3/4 42 1 11 16 -9 - 6.
09 57 99 13/19 2m9 413 W 4 60, ... , 6 /C .6

0243 look 91 1 1941 mi4 I 4 66, 394. MCI9

(:1 8 102 102 369 j, *6 6 *. * 49 .

284 Ila 8111 3.42 "16, oft I 6 IMN.~ .*

041 081 122 2244 61%6 460 3 91 6/ 6 6

0 42 006 :16 4 Z233 363 66 t 'v 68 * -

0.66 08 611 8 ... 1..1 366 S6 *69 6/ C.

0.10 .19 .21 6623 aw4 awl 4 48 & 94

0.86 114 1"61 IGO2 *64 '149 146 . 689

294A 296 133/1 2614 um/ 3.98 4.0 *6 ft/ A.

2986 283s 260 1 '4)12 tw333 12 94 69 468 6
a42 096 118 9 23.26 8816 4V 399 *9 .4 99

0,59 150 943 166 M26 9' I .1' 8

0.51 13/ 6890 1119 ^09 v 16 'm w.2 off
0 8/ 019 2629 92S90 P41 * /*w / ,1 ,.'9 ..

2 46 1411 1/8 1.62 ZV1 0 9/ 4.' W6 *99

048 101 look Ills X0 k26 . 9/ 6/ 4.9 9.9 *

A"6oJ.. 131 6 50 6 9 ,



SPREADSHEET FOR CALCULATION OF AIRBORNE ASBESTOS FOR ROOM 601* 25' * 8'. FOR VARIOUS
CONCENTRATIONS (0.1 to 0.9%) OF ASBESTOS FIBERS IN ACJC.

[v4PUT VALSa.ES CALCULATIONS FROM INPUT VARIABLES
[0*5 J 06fUi8e oQ1 Gon 0t) &190 J Room Vokam. ht Cu"c Ce•Wntwm
1200 c•Oo kootag of Room 1262440 Wca Aýeh Ro 1. Sqoe Cew ewen

[ aw WcA Ama ot Room (5q FD) [29D D o Rote hi Squa Cerft n8 pw h-,

100 1dmi. Rat C(q IFt/$) 16 Iotal TI to Oe.Al4 o.)
[ ACJC Apcpjon OIwe (Cga/WD Sq Ft ot# wal) 8.16 Gailo of ACJC Appled to Wal

05 d:c Cenýtnel of ACJC Appled to Wal
1,68E 10 IRe VOake 648.n ACJC. OSwd om m E~o DOutiunon 0 FI ebo

5 6. 7. 8, cnd 9romotete isn I ft. eah rotgý mn cmoýt roftof 3 to I (00)

Autno AEkewn FmAmb Corle Fa Ab CotntennF. Ad Coýler, As, Conte Ag, Cotol r. A4 Co n A4 C-teFn A86 CotI. Adb Cotnt
9tee6ock Role O 0f0.10%, of 0.209L. ot 0O..ol of0.4011, 0 609.. .t0.60%, of0. 701L oftO.WI9. 01 969.
P..IliIed Rom Num be of Nunlbwof ot 96rn3e ot Nurbw of Numb0 of N9,n01,8,1 of 01 eof t Numbw of

Flie. per Fbem per Fibs pe F9bm. pfe Ft... i• r te per jtte. per Ftbe pt F-. ..

040 0.79 f01.0 202.0 303.0 404.0 s080 606.0 707.0 08.0 9091
0.w 123 936 187.2 280.8 374.4 468.0 561.6 656.2 748.8 842.4
0.63 0.8 142.0 284.0 426.0 567.9 709.9 861.9 993.9 1136,9 12779
062 136 91.6 183.2 274.9 366.5 45&81 649.7 641.3 7330 8246
083 0.74 223.4 446.8 6702 893.5 1116.9 1340.3 15&3.7 1787.1 2010.5
041 0.86 11015 2.9 331.4 441.9 562.3 662.8 773.3 883.8 994.2
043 0` 76 1f2.6 225.1 337.7 450.2 562.8 675.3 7879 00.4 10130
0,61 ft0 109.5 219.0 328.5 438.0 547.5 666.9 766.4 8759 985.4
0(64 117 108.3 216.6 325.0 433.3 541.6 649.9 7563 866.6 9749
061 0`80 153.4 306.8 460.2 613.6 767.0 920.4 1073.8 1227.2 13866
0a0 135 1326 266.2 397.8 530.3 662.9 7966 928.1 106•17 1193.3
086 0`99 172.5 345.0 517.6 690.1 862.6 103.1 1207.7 1380.2 15527
043 1.43 58.9 119.8 179.6 239.5 299.4 369.3 4192 479.0 6389
0.56 0(74 135.9 271.8 407.7 643.6 679.4 815.3 951.2 1M71 12230
076 122 124.0 248.0 372.1 496.1 620.1 744.1 868.1 992.2 1116.2
0.73 0.84 171.1 342.2 513A4 684.5 86.6 1026.7 11979 13690 16401
040 0.72 111.9 223.8 335.7 447.6 559.5 671.4 783.3 896.2 10071
056 0,96 1132 226.4 339.6 452.8 566.0 679.2 792.4 906.6 10188
0656 1.40 8112 160.3 24D.5 320.6 400.8 481.0 561.1 641.3 721.4
0.o I 108 88.5 177.0 266.5 364.0 442.5 530.9 6194 707.9 7964
06. 1.2! 113.1 226.2 339.3 452.4 565.5 6786 791.7 904.8 10179
084 1.16 142.9 2865.8 428.7 571.6 714.5 857.4 1D00.3 1143.2 12860
089 1.46 122.0 244.1 366.1 488.2 610.2 732.3 854.3 976.4 109.4
058 1.07 106.9 213.9 320.8 427.8 534,7 641.7 748.6 866 962.5
0.59 142 83.3 166.7 250.0 333.3 416.7 5MD0 583.4 666.7 750.0
067 f 14 f16.9 233.8 350.7 467.6 584.5 701.4 818.3 93562 1021

8 I. 'l 151.9 303.8 455.8 607.7 759.6 911.5 1063.5 1215.4 1367.3
0(14 0.78 1253 251.4 3772 500.9 628.6 754.3 880.0 1005.8 1131.6
0866 1.37 94.3 188.6 282.9 377.3 471.6 568.9 660.2 754.5 848.8
0.83 1.49 111.3 222.7 334.0 445.4 556.7 668.1 779.4 89.8 1002.1
0.77 1.01 151.6 303.3 454.9 606S 758.2 909.8 10615 1213.1 1364-7
081 0.83 1932 386.4 579.6 772.9 966.1 115f.3 1352.5 1545.7 1738,9
043 1.25 66.1 132.2 198.3 264.4 330.5 396.6 462.6 528.7 594.8
088 124 141.5 282.9 424.4 68.9 707.3 848.8 990.3 1131.7 1273.2
045 0`80 118.6 237.1 356.7 474.3 6929 711.4 830.0 948.6 1067.1
042 137 80.4 120.7 181.1 241.5 301.8 362.2 422.6 482.9 543.3
052 074 139.0 278.0 417.0 5660 695.0 834.0 973.0 1112.0 1251.0
044 0.91 97.1 194.2 291.4 3885 48.6 582.7 679.8 777.0 874.1
08M 0.80 220.2 44o.4 660.6 880.9 11011 1321.3 1541.5 1761.7 1981.9
042 1.06 79.3 158.7 238.0 317.4 296.7 476.1 666.4 6348 714.1
084 1,43 117.5 234.9 352.4 469.8 687.3 704.7 822.2 939.6 1057.1
084 0.77 217.7 435.5 663.2 871.0 1088,7 1306.4 1524.2 1741.9 19597
0,72 1.30 110.4 220.8 331.2 441.6 8%2.0 662.4 772.7 883.1 993.6
077 0.80 192.0 384.1 576.) 768.2 90.2 f1522 1344.3 16363 17238.4
0.8 1f.3 147.0 294.1 441.1 588.1 735.2 882.2 1029.2 ]176.2 1323.3
0.80 1.230 82.7 165.4 248.2 330.9 413.6 496.3 579,1 661.8 744.5
0,87 1.27 137.1 274.3 4114 548.5 685.7 822.8 959.9 1097.0 1234.2
059 1.47 804 160.9 241.3 321.7 402.2 4826 563.0 643.5 723.9
063 133 94.7 189.4 284.1 378.8 473.5 568.3 663.0 757.7 852.4
044 1.25 69.4 138.7 208.1 277.5 346.8 416.2 485.5 554.9 624.3
0,4 1.46 61.6 123.2 1848 246.4 308.0 369.6 4312 492.8 564.4
0.77 096 161.8 323.5 486.3 6471 808.8 970.6 1132.4 1294.1 1456.9
063 083 127.1 254.1 381.2 5083 635.4 762.4 889.5 1016.6 1f4M.6
0G8 0.80 211.9 423.7 635.6 847.5 1069.4 1271.2 1483 I 1695.0 1906.9
062 096 127.2 254.5 381.7 508.9 636.2 763.4 890.6 1017R9 1145.1
0.82 0.73 221.7 443.3 666.0 886.7 1108.4 1330.0 1551.7 17734 1995.0
089 1.12 157.4 314.9 472.3 629,7 787.2 944.6 1102.1 1269.5 1416.9
0.568 075 152.8 305.7 458.5 611.4 764.2 917.1 1069.9 1222.7 1375.6
082 1.08 160 310.1 461 620.2 775.2 930.3 10865.3 124033 1396.4

041 0.73 111.8 223.5 335.3 447.1 558.9 6706 782.4 894.2 1006.9
0.76 1.21 124.7 249.4 374.2 498.9 623.6 748.3 873.1 997.8 1122.5
0(84 1.01 165.7 331.3 497.0 662.7 828.3 994.0 ff59.7 1326,3 14910
0.42 126 66.8 133.7 2005 267.3 334.2 401.0 467.9 534.7 601.5
087 081 214.0 428.1 642.1 856.1 1070,1 1284.2 1498,2 1712.2 1926.3
0.69 0.88 156.3 312.6 468.9 625,1 781.4 937.7 1094.0 1250.3 1406.6
0`77 1.27 121.1 242.1 363.2 484.2 605.3 7264 847.4 96865 1009.5
0.43 0.86 100Z0 .0 300.0 400.1 600.1 600.1 700.1 800I1 90.1I
0.78 1.17 132.3 264.6 396.9 629.2 661.5 793.8 926.2 10568.5 1190.8
0.83 0.78 211.2 432.4 633.5 844.7 1055.9 1267.1 1478.2 1689A4 190.6
0.48 0.98 97.7 195.3 293.0 39067 488.3 586.0 683.6 781.3 879.0
0.76 1.09 138.5 277.1 415.6 554,1 692.7 831.2 969.7 1108.2 12468
057 0.89 1272 264.5 3817 5090 636.2 763.5 89.7 10180 1145.2

0.81 103 156.4 312.9 469.3 625.68 782.2 938.7 109f 12MIA6 14M0
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SPREADSHEET FOR CALCULATION Of AIRMORNE ASBESTOS FOR ROWlvi 70Y 25* • 8', FOR VARIOUS

CONCENTRATIONS (0.1 to 0.9%) OF ASBESTOS FIBERS IN ACJC.

INPUT VARIABLES CALCULATIONS FROM INPUT VARIABLES
O70 08meciof Rom i93 Room Voume . Cubic Cenlmlete

14M utc Footog. of Room [412DB Wall Also k Room in sci CeoI~ela
)5" Wal Ameqot Room (SQ FD 9 Dem Rode in ScM.. Cen ~tktel pm ho,,

to Dwoi8on Rate csq F7t1) 1 total Ti m to Demnolih ft)
3 ACJC Appllon Rat (gd10 Sq Ft of, 19.12 I Golof0 ACJC Appled to Waft

341 b31 Cmenirelen of ACJC Appied to Wokl4
1686-10 F75 Vckme wi8t-n ACJC, 8aled om an Eoe7 C•36tkton of Fileo

5. 6. 7 8. aid 9 nf-oom Ie leng h, eoach havlk anc6mpcl tat1 o of I to I(00

F~moot ot ASr Exoto Fo, Alb Conll.,Fo Aab Cool.,Fo Alb Canlen For , Conten F As, Cont.,,F As, Cotntm Fo Mb Con.,le,, As, Coot.,Fo Alb Contet
Shfehrock Rote of O0.10%. of 0.209. of 0.0309 o. 0.46. of .50 of 0.60%, o1 70%. of 083%. o ý90%
R.ivedzed Room Nmuro2 f Num01 of Nurrb0 of Nurnio, of NL 0b 1 of K, of Nu0Fme 01 Nuof l of Nuie, of

Fb5 P. pm m p5. pm te p. ltke pm Fbe pm 75,ý p. Ft., pm 15,., pm F5,e, pm
(PH) mc c mc mc m c cc mcc

0.40 0 79 86.6 173.2 259.7 346.3 432.9 519.5 606.0 6926 7792
0.58 123 80.2 160.5 240.7 320.9 401.1 481.4 561.6 641.8 7220
0.63 0.88 1217 243.4 366 1 486.8 608.5 730.2 651.9 973.6 10953
0.62 1.36 78.5 157.1 235.6 314.1 392.7 471.2 549.7 628.3 70b8
0.83 0.74 191.5 3829 574.4 765.9 957.4 1148.8 13433 15318 17233
048 0.86 94.7 189.6 264.1 378.8 473.4 568.1 662.8 7575 8522

0.43 0.76 96.5 193.0 289.4 365.9 482.4 578.9 675.3 771.8 8683
0.61 1I10 93,8 187,7 281.5 375.4 469.2 563.1 666,9 750A 8446
064 1.17 92.8 185.7 278.5 371.4 464.2 557.1 649.9 742.8 635 6
0.61 0.80 131.5 263.0 39464 525.9 667.4 788.9 920.4 10518 11833
0.90 135 113.6 227.3 340.9 454.6 568.2 681.9 795.5 9092 10228
0.86 0.99 147.9 296.8 443.6 591.5 739.4 887.3 1035.1 11810 13309
0.43 1.43 51.3 102.6 154.0 205.3 256.6 307,9 359.3 410.6 4619
0.50 0,74 116.5 233.0 349.4 466.9 582.4 690.9 815,3 931.8 10483
076 1.22 106.3 212.6 3189 425.2 5315 637.8 744.1 850.4 9567
0.73 0.84 146,7 293.4 440.0 586.7 733.4 880.1 10267 1173.4 13201
0.43 0.72 95.9 191.8 287.7 383.7 4796 575.5 6714 767.3 8632
0656 0.96 97.0 194.0 291.1 388.1 486.1 582.1 679.2 7762 8732
0.56 1.40 68.7 137.4 206.1 27468 343.5 412.2 481.0 5697 6184
0.48 1,08 758 151.7 227,5 30.4 379,2 46.1 530.9 606. 682.6
0.69 1.21 96.9 193.9 290.8 387.8 484.7 81.7 678.6 775.5 8725
0.84 1.16 122.5 245.0 367.4 489.9 612.4 734.9 857.4 9798 11023
0.89 1.46 104.6 209.2 31368 418.5 523.1 6277 7323 836.9 941 5
0.58 1.07 91.7 183.3 275.0 366.7 458.3 550.0 64117 7333 82W5 0
O.59 1.42 71.4 142.9 214.3 285.7 357.2 428,6 500.0 571.4 6429
0.67 1.14 100.2 200.4 300.6 400.8 501.0 601.2 701.4 8016 9318
0.85 1.11 130.2 260.4 390.7 520.9 651.1 781.3 911.5 1041.8 11720
0.49 0.78 107.8 215.5 323.3 431.0 538.8 646.6 754.3 862.1 9698
0.66 1.37 83.8 161.7 242.5 323.4 434.2 485.0 56569 6467 7276
0.83 1.49 95.4 190.9 2'6.3 381.8 477.2 572.6 668.1 763.5 8690
0.77 101 130.0 259.9 389.9 519.9 649.9 779.8 9M.8 10398 11)698
0.81 0.83 165.6 331.2 496.8 662.5 828.1 993.7 11593 13249 w1 5
0.42 1.25 56.7 113.3 170.0 226.6 283.3 339.9 3966 4532 59
086 1.24 121.3 24235 363.8 485.0 606.3 727,6 848 9701 10913
0.48 0.80 101.6 203.3 304.9 436.5 5W.2 609.8 7114 8131 914 7
0.42 1.37 51.7 103.5 156.2 207.0 258.7 310.5 3622 4139 4657
0.52 0.74 119.1 236.3 357.4 476.6 5967 714.9 8340 963A 10723
0.44 0.91 83.2 166.5 24.97 333,0 4162 499.5 527 6660 7492
0.88 0.80 188.8 377.5 566.3 755,0 943R8 1132.5 13213 1510.0 16•8
0.42 1.06 68.0 136.0 204.0 272.0 343.0 42.1 4761 5441 6121
0.64 1.43 100.7 20t.4 3020 40.27 53.4 604.1 7067 84 0WI
0.84 0.77 186.6 373.3 559.9 746.5 933.2 11198 13064 14931 16797
0.72 130 94.6 189.2 283.9 378.5 4731 5677 6624 7570 8516
077 0480 164.6 329.2 493.8 668.4 82320 987.6 1152 13168 16815
0.88 1.20 12.0 252.1 378.1 504.1 630.1 756.2 2 10082 1134 2
0.50 1.20 70.9 141.8 212.7 263.6 354.5 425.4 963 5672 6381

0.87 1.27 117.5 235.1 352,6 470,2 587.7 705.2 2 94w 3 10579
0.59 1.47 68.9 137.9 206.8 275.8 344.7 413.6 626 5515 6205
0.63 1.33 81.2 A2.4 243.5 3247 406.9 487.1 W83 6694 7306
0.44 1.25 59.5 118.9 178.4 237.8 297.3 356.7 4162 4756 $351
0.45 1.46 52.8 105.6 158.4 211.2 2640 3168 3696 4724 75 2
0,77 0,95 138.7 277.3 416.0 5564.6 693.3 831.9 9706 11092 12479
0.53 0.83 118.9 217.8 326.8 435.7 544.6 663.5 7624 6713 W1 3
0.86 080 181M6 363.2 561.8 726.4 9,0 1019.6 12712 14639 1634 5
062 0.96 109.1 218.1 327.2 436.2 56.3 6643 7634 8725 9I15
0.82 0.73 190.0 380.0 570.0 760.0 950.0 11400 13300 150 0 17100
0.89 1.12 134.9 269.9 4048. 538.8 674.7 397 9446 10796 12145
0.58 0.75 131.0 262.0 393.0 524.0 665.0 7860 9171 lode 1 I
0.82 1.05 132.9 266.8 396.7 531.6 664,5 7974 8303 10632 11961
0.41 0.73 95.8 191.6 267.4 383.2 4790 574.8 6706 76664 83 2
0,76 1.21 106.9 213.8 320.7 4276 5345 6416 7483 6652 h?22
0.84 1.01 142.0 284.0 426.0 5680 7100 8620 9860 11360 12M80
0.42 1.25 57.3 114.6 1719 229.2 8664 3437 4310 "3 5156
0.87 0.81 183.5 366.9 550.4 7338 9173 11007 12642 1467 6 16 61
0.69 0.88 134.0 267.9 401.9 535.8 6698 8338 8277 1071 7 1l6

0.77 1.27 103.8 207.5 3113 415.1 5188 6226 7266 . g1 9538
0.43 0.86 86.7 171.5 257.2 3429 4266 5144 6w 1 686 771 6
0.78 1.17 113.4 226.8 340.2 453.6 5670 68064 738 9072 IWO1
0.83 0.78 181.0 362.0 543.0 7240 9010 10861 12671 IM 1 16381
0.48 0.9 83.7 167.4 2511 3348 4156 5033 560 f69 ? 75 A
0.76 1t09 1187 237.5 3562 4750 5937 7124 83T2 96400 '8 7

0.57 0.89 109.1 2181 3272 436.3 5454 6644 7635 8776 1116
0.81 1.03 13. I 268.2 43213 536 6705 4366 8287 107238 1"91
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FMColOrf An 48 8 ,Fr A Canto Amna m Canton FAFaContee ", At, Cn• m46. Co.Fa Aia #.o.i Far6 Conw
St aock R ooo o 0.4t00 o010,02 Of 00307 of0.40L 04 01 o o0,60100 of/0 0 M 0.8OA o. 90

Room88md Iaon, Numbs eof Nu8 8 o0 Nu96,40 o0 4NueW, of NUrnb of N)untm of uM-e .1 o ntmio0 of• l*496 -A
Fbm pw Fl W Per WoPer F'o I. F-n Per Flamm p. 1W P Nboo .. 646..

014) 0.94 10 7 161.4 2421 3228 403.5 48462 564 9 645 6 7263
049 0.82 96.8 193,6 23904 387.2 4840 61108 6776 7144 871 2

,76 0.96 136.) 272.2 4M.3 544. 680.6 8161 9628 19869 12250
0.59 082 122.6 246.2 3679 490.5 6131 7356 8W8 3 9510 11036
0,49 148 56.7 1133 1700 226.7 283.3 340.0 396) 4 33 5100
048 1 18 68.9 137.8 ".7 275.6 34405 4134 4823 5612 6m )
0.46 102 76.9 103.7 230.6 3074 384.3 4612 5380 6149 6918
040 121 629 125.8 188.7 251.6 3145 3774 4403 5032 0661
0.68 1 14 102o0 20.O 305.9 4079 W99 6119 7139 8159 9178
009 1.22 81.a 1630 2445 326.0 407.5 480 5706 6521 7336
0.77 0.96 1377 275.4 4131 550.8 688.5 826?2 639 I10 1 2 12393
0.61 1.04 99.8 199.0 2993 3990 4968 5095 6993 7o0 89)78
0.87 0.82 181.6 363.2 544.8 726.3 9079 l99 5 12)1 1 14w 7 16343
063 1.02 105.8 211.6 317.4 423.2 529,0 6348 740 8464 952.2
0.79 0187 154.8 305 464.3 6190 7738 9285 10833 12380 13928
041 1.47 47.7 96.4 1432 190.9 23&6 2863 334) 3818 4295
0.86 0.76 1915 383.1 574.6 766.) 9577 11492 13407 1532?2 7238
063 1.07 101.0 2020 3030 o400 506I 6061 ?01 1 MIS 9091
069 0.91 128.0 26o.0 384.0 512.0 6400 7680 8909 10239 11519
047 0.70 115.0 2301 3415 460.1 575.2 6902 8052 9203 10353
065 125 89.1 1783 2614 356.5 4457 5348 6239 1131 8022
0.57 0.99 98.5 196,9 2954 393.9 492.4 5908 6893 7878 8863
0.43 1.06 694 138.7 2081 2774 3468 4161 4860 5048 6242
078 1.03 129,5 258.9 3884 5178 6473 7767 9062 103H66 71601
084 118 1224 244.7 J67 4895 6118 7342 8066 9790 11013
0.41 087 8D.2 160.3 2405 320.6 4008 4809 5611 641)2 721 4
042 0.86 83.2 166.3 2495 332.7 415.8 4990 5822 6603 748•
066 0,88 1270 203.9 380.9 507.9 634 9 7618 8898 101)8 11428
0.0 075 157.2 314.5 4717 6289 7862 9434 1)997 12•279 14101
088 1.14 131.5 263.0 394.5 526 I 676 789 ) 9206 1052? 11836
054 096 95.5 1910 286.5 382.0 477.5 0730 6684 7639 89 4
0.86 0.83 178.6 3573 5359 714.6 893.2 1071 8 1205 14291 I 6078
0.42 0.86 83.5 1670 266.4 3339 4174 50019 584.4 6679 751 3
0.9 1S0 67.4 134.7 202) 269.5 3368 4342 4716 039 6063
051 1.37 63.6 127A1 190.7 254.2 3)78 3813 4449 508 4 0720
087 079 187.5 375.0 562.5 700.) 9376 1125.0 13126 150 1 16876
0.46 1.46 56.4 110,8 166.3 221.7 2771 3326 3879 443 3 4968
046 1.01 77.7 155.4 2330 310.7 388.4 461 5438 6214 699)

A9vetges: 107 214 321 428 0 642 748 80 [ 962
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SPREADSHEET FOR CALCULATION OF AIRBORNE ASBESTOS FOR ROOM 125' 25'" 8'. FOR VARIOUS

CONCENTRATIONS (0. I to 0.9%) OF ASBESTOS FIBERS IN ACJC

INPUT VARIABLES CALCULATIONS FROM INPUT VARIABLES 7
[w [J di, m ot RI.- (7F7) 0 Room Vokm, in Cubic C.,,tg,,.t
[50 0&c, Fo0k. Of Poonm 13967515 W Area W1 Roo in S uire C.77m18te

8Wad Aroe O Roof , (Sq F) 929o Pote Sqare Conrwftim PW hoa
100 Omntwt ot. (Sq Ftjl4) 1okal 18r7e to Dwn,78i 0N)
3 ACJC ,•Jat6 Wote (gl03 Sq Ft of w17l) 901 Go of ACJC Appied to W96

Cubic Coofnewmo of ACJC Apped to Wa86
1688 W0 -i Vol.,m, "•nttw ACJC. &a.d mn mam Daftuotmon OF be.

5, 6. 7. 8 ao'd 9 mnontm o W f each hcp.oo Ang mn at ct oafý of3 to I (cc)

Froopcof AtE.-fno FtoAdCoot.F,. AlbCont.noAdContet, AdCa ton.., AtcotenF ýAbCool, AsCoot uAd, mCtoo769 Ad, Cot.
S W..Pock Wifeot o Of 0.1. of 0.209 Of 0.3t0% of 0.40%. ot 5m. of 060L to70 O% foam of a090%
t't36ed Roonm Nui. , at N,ý f 0 11, ot ,u 7 .,tý t NI*ood, of

F Pe, em Fitb, p. Roem, pa Fiben p. Fbeis p., hd Men F1 pm. a pi.. p I"" pm
EP c cc m m cc , ,, cc CC cc c

0.40 079 48.5 97.0 146.4 1939 2424 2909 3394 3879 4363

0,8 1723 449 89.9 1348 179 7 224.6 2696 3145 3694 4043
0.63 0.88 68.2 136.3 204.5 2726 3408 4069 4771 5452 613 4
062 136 44.0 88.0 1319 1759 2199 2639 3078 3618 958
0.83 0,74 107.2 214.4 321.7 4289 536 I 6433 7506 8678 9660
0.48 0.86 53.0 10641 1691 2121 2661 3182 312 4242 477 2
043 076 64.0 108.1 162.1 216.1 2701 3242 3782 4322 4862
0.61 1.10 52.6 106.A 157.7 2102 2628 3153 3679 4204 4730
0.64 1.17 52.0 1040 156o0 28.0 260.0 3120 3640 4160 4680
0.61 0.40 73.6 147.3 22M,9 294 6 3661 4418 6564 b0 6 w7
010 136 63.6 127,3 190.9 254.6 3182 3818 44565 5m 56728
086 0.99 82.8 165.6 248.4 331.2 414.1 496,9 5791 66265 146 3
043 143 26.7 57.5 86.2 115.0 1437 1726 2012 2299 26 7
050 0.74 66.2 130.6 196 7 240.9 3261 3914 456.6 5218 568 0
0,76 1.22 5695 119.1 178.6 2381 2976 357.2 4167 4762 6538
073 0.84 821 164.3 246.4 328.6 4107 4928 7550 6671 7392
0.43 072 53.7 1074 161 1 214.8 268.6 3223 3760 4291 4834
0.•6 0.96 64.3 108.7 163.0 2173 271 7 3260 3803 4347 4990
066 1.40 38s 770 1 W64 1639 1934 2309 3683 37 8 3

0.48 18 42.5 650 1274 169• 2124 2349 2973 3398 3823
0.69 121 54.3 1086 1629 2172 2714 3257 38D0 4343 4886
0.84 1.16 686 137.2 20,8 274.4 3429 411's 49D 1 56487 6173
0.89 1.46 586 1172 1758 2343 3929 3615 4101 46887 273

0.58 1.07 513 1027 I!.2 2M.3 2667 3080 3693 4107 4620
0.09 1.42 400 80.0 IOO0 1700 20D00 2430 3800 3200 300

067 1 14 5661 112.2 1683 2345 2806 3367 3928 4489 5060
0.6 II I 729 1458 2188 2917 364 6 4375 5106 5834 66
0.49 0.78 603 1207 1810 2414 301 7 362 4224 4828 SA3 3

0.66 1.37 46.3 905 1368 181 1 2264 2716 3169 3622 77 4
0.83 1.49 534 1069 1603 2138 2672 3201 3741 4276 48170
0.77 I1I 72.8 1466 2184 291 1 36339 436 7 sm8 6823 66& 1

081 0823 927 8665 278.2 3710 463 7 %65 8482 1420 8347
0.42 126 317 634 962 1269 1686 1903 2221 26,38 m 5
088 1 24 678 1368 20367 2716 3396 407Y4 4753 4 32 61 1
0.48 080 569 1138 1707 2277 2846 34165 394 4663 s122

042 137 290 580 869 1159 14l9 1739 28 2378 MI8
0.63 074 667 1334 2002 2669 3336 403 4670 63.38 600 5
0.44 091 466 932 1399 1865 233 I 21 7 3263 3728 4196
O 083 1057 2114 3171 4228 6285 6342 738 9 As6 g'sI
0.42 106 381 762 1143 1523 1904 3385 36.6 31 ? 4

084 143 564 1121 7697 236 2619 3383 394 7 4670 A17
084 077 104.635 10 3135 4181 6236 6277 7316 8 I 987

072 1.30 530 1060 1590 2120 2649 3179 370Q 4739 47*1
077 083 922 1844 27865 3881 4609 6931 4i I774 8.2?7

08 1 20 106 141 1 2117 3 23 3629 4a34 4N417 SRA 6 &V.2j
060 120 397 194 1191 15688 Is5 M232 279 711) 7 174
087 127 668 1316 19765 783 3w I Y"9 AMOR %^.6 W1 d

0659 147 386 772 1158 1664 1930 2316 M ) Imo W N,1
0.63 7233 466 9O 1364 1818 i73 7Ma 382 W ?63 A 4

044 126 333 666 899 1532 18665 7888 7M3 I 88 J9A9'
0.46 146 296 691 as? 1183 1478 7774 in"70 766

077 096 776 1663 7329 3106 3642 a& 9 517- 427 21

063 083 610 1220 1830 7M0 31.m0 38 0 4270 a'8 %08,
086 0110 701 30163M4 3o I 86 Rob 87m17M2 1179 06 916

0.62 096 61 1 1321 1832 2443 X64 .54 42' s %WdO
0.82 0.73 1064 2128 3192 4256 6120 W4 a ?68 A ,2 W ;
089 1 12 756 151 1 •2'2 33 78 4 6 o A %,20 MA ,W

068 076 734 1467 m 221 3936 mi 8 &M2 511.6 w9 I
082 108 744 1488 2733 297 7 321 446r, %P1. 4K A
041 073 637 7073 1610 2146 23 7217 1MA am8292 ;
076 121 , 99 1,9,7 796 38 388 891 41141, 1 & m,
084 101 7965 190 2386 3181 787?6 4'7, w # MA
043 126 321 642 962 I13 7404 7M 5 7A A" P

087 081 10 7 20M7 5 o2 4708 513 6 A4 .6 I
0689 08 m 6 1747wo 2A6 I 10D 1 315, p4w 625' m0
077 1217 i 1 1162 1743 2M4 m51. log 410 46.4 n',
043 086 480 960 1440 7920 () 0 m 0 %* M•' )1 1

078 17 836 727 753 Wo 9D0 77% Wi70 48 32
083 078 7074 2W1637 w 78 806% 'ml No2 iC8 *
048 0G" a&* 938 7438 W5% 364 87 729 75

076 71 M 8'6 7330 1"s% 3880 I12% r., 4A' .

067 089 677 732 W43 2I 8 98 I88 TV, a .i ~ .
087 11w7 s61 7703 I 229 a 5874 AM. A8~ %2.- ,8*
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~~ "" I0 'N 4" 1I 12 3. LI *

at, U9 a A 3$ i A *4 4I 11 1"
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IS~~ ~ V1' 61 il U. fu11 4 14, 4*4
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30.*t4.3 An E00 3 ýv ~ AtL -ft' - I AIL C-*W4.. Ag. d. Ag Am, G.4,+ Ag. ...

04b 1394 462 43 0 0 z " A 33 43

1 w
0460 rl4 1I Pt1 100 &.1 0 * 3 333 0.0.

3324 13-.2 03 /3 AL3 j4 ~ ?63 41; A1 #
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1343 23 'A2 4.3 4.* .4 iN 1 21 04ft
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o21 W20 133 134 3464 aI .41K1A
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V5EADGKE KOQ CAiCLOLAIK~ C* AMOW* ASUKSfC6 K)R R(X-*A2F0* 257 '8 FOR vA~mCMA

CO~NCENATC06 (0 to 0 9%) OF A~SOMO FW2S t. AC.C,

VALABiUi CALCu.A1TXW ýW2*.4 #ENJ vAJAF&oN S

,i L.W aW sI* '.U4ii 'ý116.41 .

A4. A, %c.*..; Ift &OO44*4h iQ 0 -i* wft '.~ .*54at.

ANL.44 Afm 44W Aý Ar. A-ý+ AM5 A-~Ogj - 04 AM 4*4 A+ý At4 4* Ai

444 111 Iii '11 1 4 ' 4 44 '4 5 ' .

1411 '4k Ui S 4 *4 0 'A4 Mt.44 t

U*4 4:' t' .4. 1, At *t
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wi. a ii ',.a. a. 45S ow. A, n
54: 'i f' 44* 41 At S ai 4324.

bi A44 Vu5- i 1 5 4, :

iC , 44 'Ii *.4 .1 go, Ot SA N 5

I ii 4 MIS Si 4:4 '41 4am.A

41Vl *4 t.wa i * ~ 4 4 'i 4; 34

':: :, [ a:a '46 t i a '4 as4 4

f45 t 1-i 42 6aI MO, s 45' 5

14 40 . 4 4t: 11110. S a. "A

%A i'4 j 41' 411 5'44 4 Soo m' I3.

14 4D Is4' '4*' L : no4 o as, No4 w. to~ I

im 4, 5 41 S 40 ' :4 5 4

'24 :1 4* Vi '4 91 5: 14s a 4; W

)41 ' 4' Vi '4 44 a :111, * m4;
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3)? 11110 , 4? POO W4 -4 W64 4" * 44

am 134 s 4 .44 OOU'd wo* 0's V;D W

flu4 1111 A:4 1 4' '0, 44.5 Rol* so,44 ' 143

149 400 Mo2 4, 4 44 1 04 M.4 CO'O4
3* 41% 54K It5 0 1 15 ~ l 'U '

,ISO ', 4,4 a4 '3- TO44 0 '-ft' * 4,

a4* 1)14 444 6): 43 '4* .4' 4*; 44' 44

011?? P)? a: 34 ai *4,6 1414' 1 * 101143 14

434 10 4300 411ao Mo3 341 M41 W3* 35

04) ":14 14 4114 '4, 04 1444 V'0* wi 4
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ko,,%wol AkEtxdv oFýAdlCont~nl caP~C~tniýAConten otA•CmnlýF A xbnl• x•ObConteoAbC~nt-! :AC-ol-Fo.AibC-ont~
V-*..ko Rof. ot ofaO ot~ o0 2M• of 0 30, of 0 42D of 5m• 01060%. 1 ofO )0 4 0 oftO o# 90%,
K*M Qoo Na.PV of NumnbW f NLof NUgytw of Numt w oi• Numb dýof Nunlo of Nurr d-,o I ~bof N-mt•rot

FIV-e pee F ibe I-• Flt)- P Fgm pm F-IIIwi p. FbivIII p. Hbo• pw w 14-• P .Ls,
• cc c c cc c c c

05) 09I 309 61 9 9128 123 7 1547 1866 2165 2475 784
069 1 0 399 798 119 7 1595 I:994 239 3 2792 3 19 1 3590
078 I 11 422 84 3 1265 1687 2109 2530 2962 3374 3796
042 . 1,, 345 69 1 1036 13: 72 6 2072 241 7 2162 310 7
05,9 096 37 1 742 1113 1484ý 1855 222.6 2597 2968 3339
061 1 20 310 1 602 90.3 120.4 1505 1806 2107 2408 2709
0166 I 11 460 919 1379 1a3,9 229.8 276,8 321.8 367 7 413 7
046 0.as 31 1 623 93.4 1246 15667 196.8 218,0 249 1 2B03
0 ,13 0 7 1 56 5 1130 1696 2261I 2626 339A 39.6 452 2 5WB 7
0 v+ 1 3I 262 504 753 1009 126 1 151,3 1766 201 8 2270

" w• 0 as 4012 80 4 20)6 I60.8 201 0 241 .2 281.5 32 1 7 3619
0 ,'1 0, 9 42 7 86 3 126 0 170 7 2133 2f660 2967 341 3 384.0

011 " 1 6 256 51 3 76 9 1026 126,2 15139 179.5 2052 2308
0. 7 , . 32 ? 66 3 9&O 1306 1633 196.9 228,6 261.2 293 9
066 0 M4 5,0 I I00 166 17 22011 2751 330.1 386,2 44D2 495 2
ad)• 0 v 43 9 sib8 131 7!,,76 219 5 263.3 307.2 351 .I 395,
0. a1 I 2b 36.5 710 155 15411 92.6 231ý61 16.6 3051 3666
0 52• 1 2 248 4@ 5 74; 3 99 1 123 8 148 173.3 2•I 229
U 41 I 41 19 9 'w9 59.7 79 5 99,4 :19,3 139.2 :969, 1790
090 I 46 3lia 736 1104 1472 1840 220A 257.6 294A 33172

O• I2: 2a,9 A] 626 834 104.3 125 1 146.0 166,8 187 7
062 09 13 107 5 161 2 2149 ý68.7Y 322A 376,2 429 9 453.6

1t : 43 •e 02' 137 2 i71.5s 208 a 40. 1 2744 308.7
0 6/ I p 41 96 • 42 9r) 2 237 7 255,3 332.8 38D 4 4279
041 X)J 2: 429 643 a68 107 2 2127 160A ;1716 93.0

)b@ I / 21 43 3 +69 86 1052 298a 1515 1.1 948
Itil, 11 4 112 9 1693 m8 a 222 3387 . •1 4516 080

14 i44 19 4 3,64l 52 176 97 0 1164 MIS 1662 174.6
Ij• I% It |1 Q 0 94 6 126 1 1576 1I91 220A 25.1 I 26f37

6,• )w4 46 1 2 1389 la6 2 231 5 2778 3240 3703 4166
4 , l IOU J 8 1€ 6 94 123 2 :54 0 +648 2156 2465 2,773

•+l 41 .91 11'•l + % I + 1746 2 12 7 171 2 19 2263 256.9
V} I•t• / I ib I .• as 1 1363 6+69 936 2+212 2489

4l~/ 17,J 41.. 9?l 1461 1942 2426 2913 W•9 388. A 370
, 161 11 t•i1 I IM •6 146 I 182 6 219 2 255 7 292 2 32 .88

40~l 1 91 4 !u9 :ft2 2'3; 6 779 "74 2 3705 4116.
:,o A4 .2 116 140 a 6 206 232 264

644 % :76 6 29 137 9 ~ 60 1474 1658

... .1... ..b ... .,2, ,9. 2,33 3,89 3644 4,0041 ... I0 in .,39 ,. , 3 16 ,7 870 2,04
*I 9 9 ~ • • l ti• I6• 1+6 96 2324 266 14

'|44 Ito• • 1 I 4R * " I} K e 29 IS: f4 173 0 194 6

V 4• 0, 1 :,A 'a :1 ,' :s N PZ LI 330 51 29 258

I,'i w M41 7Al 41, 2ft Wi 3427 • rp le' t+ ,-
++~~~ ~ 4 0~ W+ + +

yt+ 'o .+- qll 242"Ll s ,t • +e qlp I



R',,onol Air.01r FaAabC<,onlaA6r sbConh A60 Co A•, A Con rAdbConiF)aAbdCoren) Al A, bConi, ¢AdbC<On •AdCor
% *okw PC*o o0.0 oI 0 of0 20 00.30%, o0fA.4o0 of.5m 01 Ohm 0.701 oE0.O8M of 90%,
Alve7nd a Roo N-m of Nutm, of Nu0r7 8:6 Of NuAn4w of P6•umo of 0Nu .1 W6m.9 o0 7u588 of 01 un',66 0

F7bmpi p. Fe po 8ý p. 7. P. 76p5 Fp6.b 1 p. Fk. p. F7b6. p. F7 po
- EH --.- cc cc cc cc -c ccc

0.46 0.94 26.2 56.5 84.7 1130 141.2 1695 1977 M2n I1,42
0.49 0.87 33.9 67.8 1016 1355 169.4 203.3 2311 2710 3049
0.76 0.95 476 953 1429 190.6 2382 2868 3335 381 I 42•6
0.58 0.83 429 86.8 1267 171 7 2146 2575 3004 3433 3862
049 1,48 198 397 595 79.3 992 1190 1388 1587 1785
0,40 1 18 24.1 48.2 723 96.5 120.6 144 7 1688 1929 2170
046 1.02 26.9 53.8 607 107.6 134.5 1614 1883 2152 242 1
0.46 121 22.0 44.0 66.0 8& 1 1101 1321 154.1 176.1 1981

0.68 1.14 36.7 71.4 1071 1428 1785 2142 2499 2665 3212
0.59 1.22 20.,5 57.1 656 114.1 142.6 171.2 199.7 2382 2567
0L77 0+96 48.2 96.4 144.6 192.8 241,0 289.2 3374 386.6 4338
0.61 1.04 34.9 69.8 104.7 1397 1746 209.5 244.4 279.3 314.2
0.87 0.82 63.6 1271 190.7 254.2 317.8 381.3 444.9 51:4 572.0
0.63 1.03 370 74.1 111.1 148.1 185.2 222.2 259,2 296.3 3333
0.79 0.87 542 108.3 162.5 216.7 270.6 325.0 379.2 433.3 4875
041 1.47 16.7 33.4 50.1 66.8 835 103.2 1169 133.6 1503
0.88 0.76 670 134.1 2011 268.1 335.2 4D2.2 469.3 536.3 6033
0.63 107 35.4 70.7 1061 141.4 176,8 212.1 2475 282.8 3182
0.69 0.91 44.8 89.6 1344 1792 2240 268.8 313.6 3584 4032
0.47 070 40.3 80.5 120.8 161.0 201.3 241.6 281,8 322.1 362.4
066 125 31.2 62.4 93.6 124.8 1560 187.2 218.4 249.6 2808
0.57 0.99 34S 68.9 10314 137,9 1723 2068 241,3 275.7 3102
0.43 1.6 24.3 48.5 72.8 97.1 121A4 145.6 1699 194.2 218.5
0.78 1.03 453 906 135.9 181.2 2265 271.8 317.2 362.5 407.8
0.84 118 42.8 85.7 18.5 171.3 214.1 257.0 2'99.8 342.6 386.5
0.41 0.87 28.1 56.1 84,2 712.2 1403 168.3 196.4 2244 2525
0.42 0.86 291• 58.2 87.3 116.4 145,5 17437 2038 232.9 2620
0.66 0.88 44.4 88.9 133.3 177.8 22.2 266.6 311 .1 356.5 400+0
0.70 0.75 50 110.1 165.1 220.1 2762 330.2 386.2 440.3 495.3
0.88 1.14 46,0 92.1 138.1 184.1 230,2 276.2 322.2 368.2 414.3
0.54 0.96 33.4 66.8 100.3 133.7 167.1 20D.5 234.0 267.4 3W0.8
0.86 0.83 62.5 125.0 187.6 250.1 312.6 375.1 437.7 500.2 5627
0.42 0.86 29.2 58.4 87.7 776.9 146.1 775.3 204.5 233.8 2630
0.69 1.50 23.6 47.2 70.7 94.3 I17.9 141.5 166.0 188.6 2122
0.51 1.37 22,2 44.5 66.7 89.0 1112 133.5 155.7 177.9 2002
0.87 0.79 65.6 131.3 196.9 262.6 328.7 393.8 459.4 525.0 590.7
0.46 1.49 19.4 38.8 58.2 77.6 97.0 116.4 135.8 1562 174.6
0.46 7.01 27.2 54.4 81.6 103.8 135.9 163.1 190.3 217.5 244.7

Awogem: 37 75 112 150 187 225 262 299 337
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